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(57) An object of the present invention is to provide 
a highly durable solid polymer electrolyte (1) that has a 
deterioration resistance equal to or higher than that of 
the fluorine-containing solid polymer electrolytes or a 
deterioration resistance sufficient for practical purpos- 



es, and can be produced at a low cost. According to the 
present invention , there is provided a solid polymer elec- 
trolyte comprising a polyether ether sulfone that is used 
as an electrolyte and has sulfoalkyl groups bonded to 
its aromatic rings and represented by the general for- 
mula -(CH 2 ) n -S0 3 H. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a solid polymer electrolyte membrane used in fuel cells, water electrolysis, 
hydrogen halide acid electrolysis, sodium chloride electrolysis, oxygen concentrators, moisture sensors, gas sensors, 
etc.; an electrocatalyst-coating solution; an assembly of said membrane and electrodes; and fuel cells. 
[0002] Solid polymer electrolytes are solid polymeric materials having groups characteristic of the electrolytes (e.g. 
sulfonic acid groups) in the polymer chain. Since they bind strongly to specific ions or are selectively permeable to 

10 cations or anions, they are utilized for various purposes after being molded or shaped into particles, fiber or a membrane. 
For example, they are utilized in electrodialysis, diffuse dialysis, diaphragms for cell, etc. 

[0003] In a reformed-gas fuel cell, an electromotive force is obtained by providing a pair of electrodes on both sides, 
respectively, of a proton-conductive solid polymer electrolyte membrane, supplying hydrogen gas obtained by reforming 
a low-molecular weight hydrocarbon such as methane, methanol or the like to one of the electrodes (a hydrogen 
* 5 electrode) as a fuel gas, and supplying oxygen gas or air to the other electrode (an oxygen electrode) as an oxidizing 
agent. In water electrolysis, hydrogen and oxygen are produced by electrolyzing water by the use of a solid polymer 
electrolyte membrane. 

[0004] As a solid polymer electrolyte membrane for a fuel cell, water electrolysis or the like, fluorine-containing solid 
polymer electrolyte membranes represented by perfluorocarbon sulfonic acid solid polymer electrolyte membranes 
20 with a high proton conductivity known by their trade names of Nafion® (a registered trade name, mfd. by E.I. du Pont 
de Nemours & Co.), Aciplex® (a registered trade name, ASAHI Chemical Industry Co., Ltd.) and Flemion® (a trade 
name, mfd. by Asahi Glass Co., Ltd.) are used because of their excellent chemical stability. 

[0005] In sodium chloride electrolysis, sodium hydroxide, chlorine and hydrogen are produced by electrolyzing an 
aqueous sodium chloride solution by the use of a solid polymer electrolyte membrane. 

25 [0006] In this case, since the solid polymer electrolyte membrane is exposed to chlorine and an aqueous sodium 
hydroxide solution of high temperature and concentration, a hydrocarbon solid polymer electrolyte membrane having 
a low resistance to chlorine and the solution cannot be used. Therefore, as a solid polymer electrolyte membrane for 
sodium chloride electrolysis, there is generally used a perfluorocarbon sulfonic acid solid polymer electrolyte membrane 
which is resistant to chlorine and the aqueous sodium hydroxide solution of high temperature and concentration and 

30 has carboxylic acid groups introduced partly into the membrane surface in order to prevent the reverse diffusion of 
ions generated. 

[0007] The fluorine-containing solid polymer electrolyte membranes represented by the perfluorocarbon sulfonic acid 
solid polymer electrolyte membranes have a very high chemical stability because of their C-F bonds and hence are 
used not only as a solid polymer electrolyte membrane for the above-mentioned fuel cell, water electrolysis or sodium 
35 chloride electrolysis but also as a solid polymer electrolyte membrane for hydrogen halide acid electrolysis. In addition, 
they are widely utilized in moisture sensors, gas sensors, oxygen concentrators, etc. by taking advantage of their proton 
conductivity. 

[0008] The fluorine-containing solid polymer electrolyte membranes, however, are disadvantageous in that they are 
difficult to produce and are very expensive. Therefore, the fluorine-containing solid polymer electrolyte membranes 
40 are used for special purposes, for example, they are used in solid polymer membrane fuel cells for space research or 
military use. Thus, they have been difficult to use for livelihood in, for example, a solid polymer membrane fuel cell as 
a low-pollution power source for automobile. 

[0009] As inexpensive solid polymer electrolyte membranes, the following aromatic hydrocarbon solid polymer elec- 
trolyte membranes, for example, have been proposed. JP-A-6-931 1 4 has proposed a sulfonated polyether ether ketone 
45 membrane. JP-A-9-245818 and JP-A-1 1-1 16679 have proposed sulfonated polyether sulfone membranes. JP-A- 
1 1 -67224 has proposed a sulfonated polyether ether sulfone membrane. JP-A-1 0-503788 has proposed a sulfonated 
acrylonitrile-butadiene-styrene polymer membrane. JP-A-11-510198 has proposed a sulfonated polysulfide mem- 
brane. JP-A-1 1-51 5040 has proposed a sulfonated polyphenylene membrane. 

[001 0] These aromatic hydrocarbon solid polymer electrolyte membranes obtained by sulfonating engineering plas- 
50 tics are advantageous in that their production is easier and entails a lower cost as compared with the production of the 
fluorine-containing solid polymer electrolyte membranes represented by Nafion®. 

[0011] The sulfonated aromatic hydrocarbon solid polymer electrolyte membranes, however, are disadvantageous 
in that they tend to be deteriorated. According to JP-A-2000-1 06203, a solid polymer electrolyte membrane having an 
aromatic hydrocarbon skeleton tends to be deteriorated because hydrogen peroxide produced in a catalyst layer formed 
55 on the boundary surface between the solid polymer electrolyte membrane and an oxygen electrode oxidizes and de- 
teriorates the aromatic hydrocarbon skeleton. 

[0012] Therefore, for example, JP-9-1 02322 has proposed a sulfonated polystyrene-grafted ethylene-tetrafluoroeth- 
ylene copolymer (ETFE) membrane comprising a main chain formed by the copolymerization of a fluorocarbon type 
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vinyl monomer and'a hydrocarbon type vinyl monomer and hydrocarbon side chains having sulfonic acid groups, as 
a solid polymer electrolyte membrane which has an oxidative-deterioration resistance equal to or higher than that of 
the fluorine-containing solid polymer electrolyte membranes and can be produced at a low cost. 
[0013] The sulfonated polystyrene-grafted ETFE membrane disclosed in JP.A-9-1 02322 is reported as follows: it is 
5 inexpensive, has a sufficient strength as solid polymer electrolyte membrane for a fuel cell, and can be improved in 
electric conductivity by increasing the amount of sulfonic acid groups introduced. 

[0014] However, in the sulfonic acid type polystyrene-grafted ETFE membrane, the main chain portion formed by 
the copolymerization of a fluorinated vinyl monomer and a vinyl monomer has a high resistance to oxidative deterio- 
ration, but the side chain portion having sulfonic acid groups introduced thereinto is an aromatic hydrocarbon polymer 
10 which is subject to oxidative deterioration. Therefore, said membrane is disadvantageous in that when the membrane 
is used in a fuel cell, the resistance to oxidative deterioration of the whole membrane is not sufficient, resulting in a 
low durability. 

[0015] U.S. Patent 4,012,303 and U.S. Patent 4,605,685 have proposed sulfonic acid type poly(trifluorostyrene)- 
grafted ETFE membranes obtained by graft-copolymerizing ct.p.p-trifluorostyrene onto a membrane produced by the 
15 copolymerization of a fluorinated vinyl monomer and a vinyl monomer and introducing sulfonic acid groups into the a, 
p.jHrifluorostyrene units to obtain a solid polymer electrolyte membrane. 

[0016] These membranes are obtained by using a,p,p-trifluorostyrene prepared by partial fluorination of styrene, in 
place of styrene on the assumption that the chemical stability of the above-mentioned polystyrene side chain portion 
having sulfonic acid groups introduced thereinto is not sufficient. The synthesis of a,p,p-trifluorostyrene as a starting 
20 material for the side chain portion, however, is difficult. Therefore, when said membranes are used as a solid polymer 
electrolyte membrane for a fuel cell, there is a cost problem as in the case of the above-mentioned Nation®. 
[0017] Moreover, oc.p.p-trifluorostyrene is disadvantageous in that because of its low polymerizability, the amount of 
a,p,p-trifluorostyrene introducibie as grafted side chains is small, so that the resulting membrane has a tow electric 
conductivity. 

25 

SUMMARY OF THE INVENTION 

[0018] An object of the present invention is to provide a highly durable solid polymer electrolyte which has a deteri- 
oration resistance equal to or higher than that of the fluorine-containing solid polymer electrolytes or a deterioration 

30 resistance sufficient for practical purposes, and can be produced at a low cost. 

[0019] The present inventors investigated in detail the mechanism of deterioration of a solid polymer electrolyte 
membrane. Consequently, the following was found: in an aqueous solution, an aromatic sulfonic acid having one or 
more sulfonic acid groups directly bonded to the aromatic ring is in such a state that the aromatic ring and sulfuric acid 
are in dissociation equilibrium; and with a decrease of the sulfuric acid concentration and a rise of the temperature, 

35 the sulfonic acid group(s) is more liable to be released from the aromatic sulfonic acid. 

[0020] That is, it was found that shortening of the lifetime of a fuel cell using an aromatic hydrocarbon solid polymer 
electrolyte membrane is caused not by the oxidative deterioration of the membrane itself which has been regarded as 
a cause, but by the following phenomenon: under conditions for the fuel cell, the sulfuric acid concentration is low, so 
that the sulfonic acid groups are released from the aromatic ring, resulting in a lowered ionic conductance. 

40 [0021 ] For the achievement of the above object, the highly durable solid polymer electrolyte of the present invention 
is characterized by comprising a polyether ether sulfone having sulfonic acid groups each introduced thereinto through 
an alkylene group as shown in the formula [1]: 

45 -(CH 2 ) n -S0 3 H [1] 

wherein n is an integer of 1 to 6. Thus, it becomes possible to obtain a highly durable solid polymer electrolyte which 
has a durability equal to or higher than that of the fluorine-containing solid polymer electrolytes or a durability sufficient 
for practical purposes, and is inexpensive. 

so [0022] A solid polymer electrolyte having sulfonic acid groups introduced thereinto through alkylene groups is ad- 
vantageous in that its ion electric conductivity is higher than that of a solid polymer electrolyte having sulfonic acid 
groups introduced thereinto without an alkylene group, when these solid polymer electrolytes have the same ion- 
exchange group equivalent weight. It is conjectured that the higher ion electric conductivity is concerned with the fact 
that the sulfonic acid groups introduced through alkylene groups are more mobile than the sulfonic acid groups intro- 

55 duced without an alkylene group. 

[0023] A solid polymer electrolyte obtained when n in the above formula [1] is 3 to 6 is preferable because its ionic 
conductance is higher than that of a so lid polymer electrolyte obtained when n is 1 or 2. The reason for this phenomenon 
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is guessed as follows: when the value of n is increased, S0 3 H becomes mobile, so that the resulting solid polymer 
electrolyte tends to have a cohesion structure or an ion channel structure. 

[0024] A characteristic of the present invention is that a polyether ether sulfone having sulfoalkyl groups of the above 
formula [1] bonded thereto is used as an electrolyte. 

[0025] Another characteristic of the present invention is that there is used as an electrolyte a polyether ether sulfone 
having sulfonic acid groups bonded thereto through alkylene groups which is represented by any of the formulas [2] 
to [9] exhibited hereinafter. 

[0026] Further another characteristic of the present invention is that the above-mentioned sulfonic acid groups are 
bonded so that the sulfonic acid group equivalent weight may be 530 to 970 g/equivalent. 

[0027] Still another characteristic of the present invention is that the above-mentioned electrolyte is used as an 
electrolyte membrane. 

[0028] Still another characteristic of the present invention is an electrocatalyst-coating solution containing the above- 
mentioned solid polymer electrolyte. 

[0029] Still another characteristic of the present invention is a membrane-electrodes assembly comprising the above- 
mentioned solid polymer electrolyte membrane and a pair of electrodes, i.e., an oxygen electrode and a hydrogen 
electrode which are located on both sides, respectively, of said solid polymer electrolyte membrane. 
[0030] Still another characteristic of the present invention is a membrane-electrodes assembly comprising a solid 
polymer electrolyte membrane obtained by the use of a polyether ether sulfone having sulfonic acid groups bonded 
thereto through alkylene groups which is represented by any of the formulas [1] to [9] exhibited hereinafter, said solid 
polymer electrolyte membrane being coated with the above-mentioned electrocatalyst-coating solution, and a pair of 
electrodes, i.e., an oxygen electrode and a hydrogen electrode which are located on both sides, respectively of said 
solid polymer electrolyte membrane. 

[0031] Still another characteristic of the present invention is a membrane-electrodes assembly wherein the above- 
mentioned electrocatalyst-coating solution is Nation (a perf luorocarbon sulfonic acid solid polymer electrolyte solution, 
a registered trade name, mfd. by E.I. du Pont de Nemours & Co.). 

[0032] Still another characteristic of the present invention is a solid polymer electrolyte fuel cell comprising a mem- 
brane-electrodes assembly comprising the above-mentioned solid polymer electrolyte membrane and a pair of elec- 
trodes, i.e., an oxygen electrode and a hydrogen electrode which are located on both sides, respectively, of said solid 
polymer electrolyte membrane; a pair of supporting current collectors provided on both sides, respectively, of said 
membrane-electrodes assembly; and separators located at the peripheries of said supporting current collectors, re- 
spectively. 

[0033] Other objects, features and advantages of the invention will become apparent from the following description 
of the embodiments of the invention taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] 

Fig. 1 is a schematic perspective view showing the structure of a single cell for the solid polymer electrolyte fuel 
cell of the present invention produced in Example 1 . 

Fig. 2 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell produced 
in Example 1. 

Fig. 3 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell produced 
in Example 2. 

Fig. 4 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell produced 
in Example 3. 

Fig. 5 is a current density-voltage graph showing the output capability of a single cell for solid polymer electrolyte 
fuel cell produced in Example 4. 

Fig. 6 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell produced 
in Example 4. 

Fig. 7 is a current density-voltage graph showing the output capability of a single cell for solid polymer electrolyte 
fuel cell produced in Example 10. 

Fig. 8 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell produced 
in Example 10. 

Fig. 9 is a current density-voltage graph showing the output capability of a single cell for solid polymer electrolyte 
fuel cell produced in Example 11. 

Fig. 10 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 1 1 . 
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Fig. 1 1 is a current density-voltage graph showing the output capability of a single cell for solid polymer electrolyte 
fuel cell produced in Example 12. 

Fig. 12 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 12. 

Fig. 13 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 13. 

Fig. 14 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 14. 

Fig. 15 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 1 5. 

Fig. 16 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 16. 

Fig. 17 is a graph showing the results of a durability test on single ceils for solid polymer electrolyte fuel cell 
produced in Example 1 7. 

Fig. 18 is a graph showing the results of a durability test on single cells for solid polymer electrolyte fuel cell 
produced in Example 1 8. 

Description of Reference Numerals 

[0035] 1 — solid polymer electrolyte membrane, 2 — air electrode, 3 — oxygen electrode, 4 — membrane-electrodes 
assembly, 5 — supporting current collector, 6 — separator, 7 — air, 8 — air + water, 9 — hydrogen + water, 10 — 
residual hydrogen, 11 — water. 

DETAILED DESCRIPTION OF THE INVENTION 

[0036] The present inventive polyether ether sulfone solid polymer electrolyte having sulfonic acid groups introduced 
thereinto through alkylene groups is preferably a polyether ether sulfone solid polymer electrolyte having sulfonic acid 
groups introduced thereinto through alkylene groups which is represented by the formula [2]: 




wherein n is an integer of 1 to 6, each of m, a and b is an integer of 0 to 4, provided that m, a and b are not 0 at the 
same time, x is an integer of 1 to 3, y is an integer of 1 to 5, and Ar is an aromatic residue. 

[0037] Specific examples of the solid polymer electrolyte of the present invention are polyether ether sulfone solid 
polymer electrolytes having sulfonic acid groups introduced thereinto through alkylene groups which are represented 
by the formulas [3] to [8]: 
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wherein n is an integer of 1 to 6, and each of a, b, c and d is an integer of 0 to 4, provided that b, c and d are not 0 at 
the same time. 
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wherein each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are not 0 at the same time. 
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wherein each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are not 0 at the same time. 
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wherein n is an integer of 1 to 6, and each of a, b and c is an integer of 0 to 4, provided that a, b and c are not 0 at the 
same time. 
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wherein each of a, b and c is an integer of 0 to 4, provided that a, b and c are not 0 at the same time. 
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wherein each of a, b and c is an integer of 0 to 4, provided that a, b and c are not 0 at the same time. 
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[9] 



wherein each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are not 0 at the same time. 
[0038] A method for introducing sulfonic acid groups into a polyether ether sulfone or its polymer alloy through 
alkylene groups is not particularly limited. A specific example of the introduction method is a method of introducing a 
sulfonic acid group into an aromatic ring by the use of the sultone shown in the scheme (I) as described in J. Amer. 
45 Chem.Soc, 76, 5357-5360 (1954): 



50 
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55 



wherein m is 1 or 2. 

[0039] Other specific examples of the introduction method are a method of replacing a hydrogen atom in an aromatic 
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ring with a lithium atom, replacing the lithium atom with a halogenoalkylene group by the use of a dihalogenoalkane, 
and converting the halogenoalkylene group to introduce a sulfonic acid group through an alkylene group; and a method 
of introducing a halogenobutyl group into the substituted aromatic ring having the lithium atom as the substituent, by 
the use of a tetramethylenehalogenium ion and converting the halogen to a sulfonic acid group. 




<CH 2 ) n ~X ^(CH 2 ) n SQ 3 H 



(ID 



— - v> 

(CH 2 )-X ^^^ (CH2 ) 4 S03H 

. . . (ill) 

25 

wherein n is an integer of 1 to 6, and x is a halogen atom, 

[0040] All the reactions for introducing a sulfonic acid group into an aromatic ring through an alkylene group are 
electrophilic reactions with the aromatic ring. A polyether ether sulfone having the structure according to the present 
invention in which the electron density of aromatic rings is high is desirable because the reaction takes place under 
30 relatively mild conditions as compared with other engineering plastics. 

[0041] Although a method for introducing sulfonic acid groups into a polyether ether sulfone through alkylene groups 
is not particularly limited, a method involving a small number of synthesis steps, such as the method shown by the 
above scheme (I) is preferable from the viewpoint of cost. 

[0042] The solid polymer electrolyte used in the present invention is a polymer having sulfonic acid groups introduced 
35 thereinto through alkylene groups which has an ion-exchange group equivalent weight of 250 to 2,500 g/equivalent. 
The ion-exchange group equivalent weight is preferably 300 to 1,500 g/equivalent more preferably 530 to 970 g/ 
equivalent When the ion-exchange group equivalent weight is more than 2,500 g/equivalent, the output capability is 
undesirably deteriorated in some cases. When the ion-exchange group equivalent weight is less than 250 g/equivalent, 
the water resistance of the polymer is undesirably deteriorated. 
40 [0043] The term "ion-exchange group equivalent weight" used herein means the molecular weight of the polymer 
having sulfonic acid groups introduced thereinto through alkylene groups, per unit equivalent of the sulfonic acid groups 
introduced through the alkylene groups. The smaller the ion-exchange group equivalent weight, the higher the degree 
of introduction of the sulfonic acid groups introduced through the alkylene groups. The ion-exchange group equivalent 
weight can be measured by 1 H-NMR spectroscopy, elemental analysis, the acid-base titration disclosed in the speci- 
45 fication of JP-B-1 -52866, nonaqueous acid-base titration (normal solution: a solution of potassium methoxide in ben- 
zene-methanol) or the like. 

[0044] As to a method for controlling the ion-exchange group equivalent weight of said solid polymer electrolyte 
having sulfonic acid groups introduced thereinto through alkylene groups, at 250 to 2,500 g/equivalent, a polymer that 
has sulfonic acid groups introduced thereinto through alkylene groups and has a desirable ion-exchange group equiv- 
* so a |ent weight can be obtained by varying the blending ratio of an aromatic hydrocarbon polymer to a sulfoalkylating 
agent, the reaction temperature, the reaction time, a solvent for reaction, etc. 

[0045] When used in a fuel cell, the solid polymer electrolyte used in the present invention is usually used in the form 
of a membrane. A method for forming the polymer having sulfonic acid groups introduced thereinto through alkylene 
groups into the membrane is not particularly limited. As the method, there can be adopted, for example, a method of 
55 forming a film from the polymer in a solution state (a solution cast method) and a method of forming a film from the 
polymer in a molten state (a melt pressing method or a melt extrusion method). Specifically, in the former method, a 
film is formed by applying a polymer solution on a glass plate by casting, and removing the solvent. 
[0046] The solvent used for the film formation is not particularly limited and may be any solvent so long as it permits 
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dissolution of the polymer therein and can be removed after the application. As the solvent, there can be suitably used 
aprotic polar solvents such as N,N-dimethyJformamide, N.N-dimethylacetamide, N-methyl-2-pyrrolidone, dimethyl sul- 
foxide etc.; alkylene glycol monoalkyl ethers such as ethylene glycol monomethyl ether, ethylene glycol monoethyl 
ether, propylene glycol monomethyl ether, propylene glycol monoethyl ether, etc.; halogen-containing solvents such 

5 as dichloromethane, trichloroethane, etc.; and alcohols such as 1 -propyl alcohol, t-butyl alcohol, etc. 

[0047] Although the thickness of the solid polymer electrolyte membrane is not particularly limited, it is preferably 1 0 
to 200 ujti, in particular, 30 to 100 urn For attaining a film strength sufficient for practical purposes, the thickness is 
preferably more than 1 0 u,m. For reducing the resistance of the membrane, namely, improving the power-generating 
capability, the thickness is preferably less than 200 jam. When the solution cast method is adopted, the film thickness 

10 can be controlled by adjusting the concentration of the solution or the coating thickness on a substrate. When a film 
is formed from the polymer in a molten state, the film thickness can be controlled by stretching a film with a predeter- 
mined thickness obtained by the melt pressing method or melt extrusion method, by a predetermined factor. 
[0048] In the production of the solid polymer electrolyte of the present invention, additives (e.g. plasticizers, stabilizers 
and mold release agents) used in conventional polymers may be used so long as the object of the present invention 

*5 is not affected. 

[0049] When the solid polymer electrolyte membrane is used in a fuel cell, electrodes used in an assembly of the 
membrane and the electrodes are composed of an electroconductive material supporting thereon fine particles of a 
catalyst metal and may, if necessary, contain water repellents and binders. A layer composed of an electroconductive 
material supporting no catalyst thereon and optionally a repellent and a binder may be formed on the outer surface of 
20 a catalyst layer 

[0050] As the catalyst metal used in the electrodes, any metal may be used so long as it accelerates the oxidation 
of hydrogen and the reduction of oxygen. The catalyst metal includes, for example, platinum, gold, silver, palladium, 
iridium, rhodium, ruthenium, iron, cobalt, nickel, chromium, tungsten, manganese, vanadium, and alloys thereof. 
[0051] Of these catalysts, in particular, platinum is often used. The particle size of the metal used as the catalyst is 
25 usually 10 to 300 angstrom. The adhesion of such a catalyst to a carrier such as carbon reduces the amount of the 
catalyst used and hence is advantageous from the viewpoint of cost. The amount of the catalyst supported is preferably 
0.01 to 10 mg/cm 2 in the electrodes formed. 

[0052] As the electroconductive material, any material may be used so long as it is an electronically conductive 
substance. The electroconductive material includes, for example, various metals and carbon materials. 
30 [0053] The carbon materials include, for example, carbon blacks (e.g. furnace black, channel black and acetylene 
black), activated carbon, and graphite. These may be used singly or as a mixture thereof. 

[0054] As the water repellent, carbon fluoride, for example, is used. As the binder, the electrocatalyst-coating solution 
of the present invention is preferably used as it is from the viewpoint of adhesion, though other various resins may be 
used. As these resins, water-repellent fluorine-containing resins are preferable, and water-repellent fluorine-containing 
35 resins excellent particularly in heat resistance and oxidation resistance are more preferable. Such resins include, for 
example, sulfonated polytetrafluoroethylene, sulfonated tetrafluoroethylene-perfluoroalkyl vinyl ether copolymers, and 
sulfonated tetrafluoroethylene-hexafluoropropylene copolymers. 

[0055] When the solid polymer electrolyte membrane is used in a fuel cell, a process for producing an assembly of 
the membrane and electrodes is not particularly limited and a well-known process can be adopted. As a process for 

40 producing the membrane-electrodes assembly, there is, for example, the following process. Pt catalyst powder sup- 
ported on carbon is mixed with a polytetrafluoroethylene suspension, and the mixture is applied on carbon paper and 
heat-treated to form a catalyst layer. Then, a solution of the same solid polymer electrolyte as that constituting the solid 
polymer electrolyte membrane is applied on the catalyst layer, and the thus treated catalyst layer and the solid polymer 
electrolyte membrane are united in a body by hot pressing. 

45 [0056] In addition, there are, for example, a process of previously coating Pt catalyst powder with a solution of the 
same solid polymer electrolyte as that constituting the solid polymer electrolyte membrane, a process of applying a 
catalyst paste on the solid polymer electrolyte membrane, a process of conducting electroless plating on the solid 
polymer electrolyte membrane to form electrodes, and a process of adsorbing complex ions of a metal of the platinum 
group on the solid polymer electrolyte membrane and then reducing the same. 
* so [0057] A so I id polymer electrolyte fuel eel I is constructed as follows. A packing material (a supporting current collector) 
of thin carbon paper is adhered to each side of the assembly of the solid polymer electrolyte membrane and electrodes 
produced in the manner described above. An electroconductive separator (a bipolar plate) capable of serving as a 
separator between electrode chambers and passageways for gas supply to the electrodes is provided on the outer 
surface of each packing material to obtain a single cell. A plurality of such single cells are laminated, with cooling plates 

55 or the like inserted between them, to obtain the solid polymer electrolyte fuel cell. The fuel cell is preferably operated 
at a high temperature because the high-temperature operation enhances the catalytic activity of the electrodes and 
reduces the electrode overvortage. However, since the solid polymer electrolyte membrane does not function without 
water, the fuel cell has to be operated at a temperature at which water control is possible. A preferable range of the 
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operating temperature for the fuel cell is a range of room temperature to 100°C. 
DESCRIPTION OF PREFERRED EMBODIMENT 

[0058] The present invention is illustrated in further detail with the examples described below. Conditions for meas- 
uring each physical property are as follows. 

(1) Ion-exchange group equivalent weight 

[0059] A certain amount (a: gram) of a polymer having sulfonic acid groups introduced thereinto through alkylene 
groups which was to be subjected to measurement was accurately weighed into a closable glass container, and an 
excess amount of an aqueous calcium chloride solution was added thereto and stirred overnight. Hydrogen chloride 
produced in the system was titrated (b: ml) with a 0.1 N aqueous sodium hydroxide standard solution (f: titer) by using 
phenol-phthalein as an indicator. The ion-exchange group equivalent weight (g/equivalent) was calculated by the fol- 
lowing equation: 

[Expression 1] 
Ion-exchange group equivalent weight = 
(1000 x a)/ (0.1 x b x f) 

(2) Evaluation of the output capability of a single cell for fuel cell 

[0060] An assembly of a solid polymer electrolyte membrane and electrodes was incorporated into a cell for evalu- 
ation and the output capability of the resulting single cell for fuel cell was evaluated. 

[0061] Hydrogen and oxygen were used as reactive gases. Each of them was wetted by passage through a water 
bubbler at 23°C at a pressure of 1 atmosphere and then supplied to the cell for evaluation. The gas flow rates were 
as follows: hydrogen 60 ml/min and oxygen 40 ml/min. The cell temperature was 70°C. The output capability of the 
fuel cell was evaluated with a H201 B charge and discharge apparatus (mfd. by Hokuto Denko Co., Ltd.). 

Example 1 

(1) Synthesis of a sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 

[0062] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 6.00 g (0.01 55 
mol) of a poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] dried by its mainte- 
nance at 1 1 0°C for 1 0 hours and 1 50 ml of dehydrated chloroform for synthesis were placed in the flask and maintained 
at 60°C for about 1 hour to effect dissolution. To the resulting solution was added 2.83 g (0.0232 mol) of propanesultone. 
[0063] Subsequently, 3.10 g (0.0232 mol) of anhydrous aluminum chloride was added thereto with stirring over a 
period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, the resulting mixture was 
stirred with heating at 50°C for 15 hours. The precipitate was filtered, washed with 150 ml of chloroform and then dried 
under reduced pressure. The dried precipitate was suspended in 250 ml of water, finely ground in a mixer and then 
filtered. This procedure was repeated four times, followed by thorough washing with water, and the water-insoluble 
finely ground substance thus obtained was dried at 90°C under reduced pressure. 

[0064] The dried substance was subjected to 1 H-NMR to find that new peaks due to a -CH 2 CH 2 CH 2 S0 3 H group 
were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of sulfopropyl groups. The sulfonic acid 
equivalent weight of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte I thus ob- 
tained was 1 , 1 00 g/equivalent. 

[0065] Since the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte I can be pro- 
duced through one step by using the poly(1 ,4-biphenylene ether ether sulfone), a relatively inexpensive commercial 
engineering plastic, as a starting material, the cost of production thereof is as low as less than one-fiftieth that of a 
pert luorocarbon sulfonic acid solid polymer electrolyte (Nation 1 1 7) produced through five steps by using an expensive 
starting material. 

[0066] The sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte I is advantageous 
from the viewpoint of cost because it can be produced through one step and hence can be synthesized at a lower cost 
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as compared with a" sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VII and a sul- 
fohexamethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VIII which are produced through 
two steps as described hereinafter in Examples 11 and 12. 

[0067] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfopropylated poly(1 ,4-biphenylene 
5 ether ether sulfone) solid polymer electrolyte I and 20 ml of ion-exchanged water were maintained at 120° C for 2 weeks. 
After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfopropylated poly 
(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte I was measured. 

[0068] As a result, it was found that the ion-exchange group equivalent weight of the sulfopropylated poly(1 ,4-biphe- 
nylene ether ether sulfone) solid polymer electrolyte I was 1,100 g/equivalent, the same value as the initial value, 
10 namely, the solid polymer electrolyte I was stable like the expensive perfluorocarbon sulfonic acid solid polymer elec- 
trolyte (Naf ion 117). 

[0069] On the other hand, as described hereinafter in Comparative Example 1 , (1 ), the ion-exchange group equivalent 
weight of an inexpensive sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 1 1 was increased 
to 1 ,200 g/equivalent from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as 
is above, namely, sulfonic acid groups were released from the solid polymer electrolyte II. 

[0070] Thus, unlike the inexpensive sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 
II described hereinafter in Comparative Example 1, (1), the inexpensive sulfopropylated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte I was stable like the expensive perfluorocarbon sulfonic acid solid polymer 
electrolyte (Nafion 117) and was excellent in both cost and resistance to hydrolysis (durability). 

20 

(2) Formation of a solid polymer electrolyte membrane 

[0071] The solid polymer electrolyte I obtained in the above item (1) was dissolved in a N,N-dimethylformamide- 
cyclohexanone-methyl ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting 
25 solution was spread on a glass plate by spin coating, air-dried and then dried in vacuo at 80° C to form a solid polymer 
electrolyte membrane I of 25 \irn in thickness. The ion electric conductivity of the obtained solid polymer electrolyte 
membrane I was 1 S/cm. 

[0072] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane I and 20 
ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the ion electric conductivity 
30 of the solid polymer electrolyte membrane I was the same as its initial value like that of a perfluorocarbon sulfonic acid 
solid polymer electrolyte membrane (Nafion 117) produced at a high cost, and the solid polymer electrolyte membrane 
I was firm. 

[0073] On the other hand, as described hereinafter in Comparative Example 1 , (2), a relatively inexpensive sulfonated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane II was broken to tatters under the same 
35 conditions of hydrolysis by heating as above. 

[0074] Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane If 
described hereinafter in Comparative Example 1, the inexpensive sulfopropylated poly(1 ,4-biphenylene ether ether 
sulfone) solid polymer electrolyte membrane I was stable like the expensive perfluorocarbon sulfonic acid solid polymer 
electrolyte membrane (Nafion 117) and was excellent in both cost and resistance to hydrolysis (durability). 

40 

(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0075] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte I in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
45 (content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution I). 

[0076] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution I and 
20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized and the 
* so resulting solid was washed with water. Then , the ion-exchange group equivalent weight of the electrocatalyst-coating 
solution I after the maintenance was measured. As a result, it was found that the ion-exchange group equivalent weight 
of said solution I was 1 ,1 00 g/equivalent, the same value as the initial value, namely, the solution I was stable like an 
expensive perfluorocarbon sulfonic acid (Nafion 117) electrocatalyst-coating solution. 

[0077] On the other hand, as described hereinafter in Comparative Example 1 , (2), the ion-exchange group equivalent 
55 weight of an electrocatalyst-coating solution II was increased to 1 ,200 g/equivalent from its initial value of 650 g/equiv- 
alent under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 
[0078] Thus, unlike the inexpensive electrocatalyst-coating solution II described hereinafter in Comparative Example 
1, (2), the inexpensive electrocatalyst-coating solution I was stable like the expensive perfluorocarbon sulfonic acid 



11 



BNSDOCID: <EP 1296398A2J_> 



EP 1 296 398 A2 

(Nation 117) electrocatalyst-coating solution and was excellent in both cost and resistance to hydrolysis (durability). 
[0079] The aforesaid electrocatalyst-coating solution I was applied on both sides of the solid polymer electrolyte 
membrane I obtained in the above item (2), and was dried to produce a membrane-electrodes assembly I having an 
amount of platinum supported of 0,25 mg/cm 2 . 

5 [0080] The electrocatalyst-coating solution II described hereinafter in Comparative Example 1 , (2) was applied on 
both sides of the same solid polymer electrolyte membrane I as that obtained in the above item (2), and was dried to 
produce a membrane-electrodes assembly I' having an amount of platinum supported of 0.25 mg/cm 2 . 
[0081] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) in an alcohol- 
water mixed solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the 

10 weight ratio of platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was 
uniformly dispersed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating 
solution was applied on both sides of the same solid polymer electrolyte membrane I as that obtained in the above 
item (2), and was dried to produce a membrane-electrodes assembly I" having an amount of platinum supported of 
0.25 mg/cm 2 . 

15 [0082] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly I obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. The membrane-electrodes assembly I after 
the maintenance was not different from that before the maintenance like a membrane-electrodes assembly produced 
at a high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) and the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117), and its membrane was firm. 

20 [0083] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly P obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly P 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly P after the main- 
tenance had power-generating capability. 

[0084] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly l M obtained 
25 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly I" 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly I" after the main- 
tenance had power-generating capability. 

[0085] On the other hand, as described hereinafter in Comparative Example 1 , (3) ; the membrane of a membrane- 
electrodes assembly It produced by using the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer elec- 
30 trolyte membrane II and the electrocatalyst-coating solution II was broken to tatters and its electrodes were peeled, 
under the same conditions of hydrolysis by heating as above. 

[0086] Thus, unlike the membrane-electrodes assembly II described hereinafter in Comparative Example 1, (3), i. 
e., the assembly of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane and 
electrodes, the inexpensive assembly of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer 
35 electrolyte membrane and electrodes was stable like the expensive assembly of the perfluorocarbon sulfonic acid 
(Nation 117) membrane and electrodes, and could be obtained as an assembly excellent in both cost and resistance 
to hydrolysis (durability). 

(4) Durability test on single cells for fuel cell 

40 

[0087] The above-mentioned membrane-electrodes assemblies I, P and l B were allowed to absorb water by immer- 
sion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was incorporated 
into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. In detail, the 
single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a packing material (a sup- 
*5 porting current collector) 5 of thin carbon paper to each of the electrodes of each membrane-electrodes assembly 4 
obtained in Example 1 and composed of a solid polymer electrolyte membrane 1 , an oxygen electrode 2 and a hydrogen 
electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of serving as a separator between 
electrode chambers and passageways for gas supply to the electrodes, on the outer surface of each packing material. 
[0088] The single cells for solid polymer electrolyte fuel cell thus obtained were subjected to a long-term operation 
- so test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 2. 

[0089] In Fig. 2, numerals 12, 13 and 14 indicate the results of the durability test on the single cells for fuel cell 
obtained by the use of the membrane-electrodes assemblies I, P and l u , respectively. In Fig. 2, numeral 15 indicates 
the result of the durability test on a single cell for fuel cell obtained by using the assembly of the perfluorocarbon sulfonic 
acid (Nation 117) membrane and electrodes, 
55 [0090] In Fig. 2, numeral 12 indicates the change with time of output voltage of the single cell for fuel cell of Example 
1 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 13 indicates 
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the change with time of output voltage of the single cell for fuel cell produced in Example 1 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

5 [0091] Numeral 14 indicates the change with time of output voltage of the single cell for fuel produced in Example 
1 by using a solid polymer electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded 
thereto through alkylene groups and an electrocatalyst-coating solution containing the perfluorocarbon sulfonic acid 
solid polymer electrolyte (Nafion 117). Numeral 15 indicates the change with time of output voltage of the single cell 
for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117). 

10 Numeral 1 6 indicates the change with time of output voltage of the single cell for fuel cell of Comparative Example 1 
produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether sulfone solid polymer 
electrolyte having sulfonic acid groups directly bonded thereto. 

[0092] As indicated by numerals 12 and 14 in Fig. 2, the initial output voltage of each of the single cells for fuel cell 
15 obtained by using the membrane-electrodes assemblies I and l", respectively, is 0.70 V which is lower than the output 
voltage of the single cell for fuel cell indicated by numeral 1 5 in Fig. 2, i.e. , the single cell for fuel cell produced by using 
the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117). However, since the output voltage 
of each of the single cells using the membrane-electrodes assemblies t and I", respectively, is the same as its initial 
value even after 5,000 hours of operation, these single cells can be satisfactorily used in a fuel cell formed by laminating 
20 single cells of each kind, when the number of the single cells laminated is increased. 

[0093] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 16 in Fig. 2 
(the single cell for fuel cell obtained by using the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer 
electrolyte II which is described hereinafter in Comparative Example 1) was 0.73 V, and the output of this single cell 
was zero after 600 hours of operation. From this fact, it is clear that the single cell for fuel cell produced by using the 
25 solid polymer electrolyte membrane I of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) obtained by 
bonding sulfonic acid groups to the aromatic rings of a poly(1 ,4-biphenylene ether ether sulfone) is superior in durability 
to the single cell for fuel cell produced by using the solid polymer electrolyte membrane II of a poly(1 ,4-biphenylene 
ether ether sulfone) having sulfonic acid groups directly bonded thereto. 

[0094] As can be seen from Fig. 2, the single cells for fuel cell obtained by using the membrane-electrodes assemblies 
30 | and I", respectively, are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes 
assembly P. That is, the electrocatalyst-coating solution I is more suitable than the electrocatalyst-coating solution II, 
for coating an electrocatalyst for a membrane-electrodes assembly. 

(5) Production of a fuel cell 

35 

[0095] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

Comparative Example 1 

40 

(1) Synthesis of a sulfonated poly(1 ,4-biphenylene ether ether sulfone) 

[0096] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 4.00 g (0.01 03 
45 mol) of a poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H4-4-S0 2 C 6 H4-4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] dried by its mainte- 
nance at 110°C for 10 hours and 100 ml of dehydrated chloroform were placed in the flask and maintained at 60°C for 
about 1 hour to effect dissolution. To the resulting solution was added 50 ml of a solution of 1.165 g (0.01 mol) of 
chlorosulfonic acid in 1 ,1 ,2,2-tetrachloroethane over a period of about 10 minutes. 

[0097] Subsequently, the resulting mixture was stirred at 60°C for 4 hours. The precipitate was filtered and then 
50 washed with 150 ml of chloroform. The washed precipitate was dissolved in 250 ml of methanol at 60°C, and the 
resulting solution was dried at 60°C under reduced pressure, 

[0098] The polymer thus obtained was finely ground together with 250 ml of water in a mixer, and the resulting mixture 
was filtered. This procedure was repeated three times and the water-insoluble fine powder thus obtained was dried 
over phosphorus pentaoxide at 90° C under reduced pressure. 
55 [0099] This fine powder was insoluble in water and soluble in methanol. The dried fine powder was subjected 
to 1 HNMR measurement to find that absorptions at 7.3 to 8.00 ppm due to the hydrogen atoms of the phenyl groups 
in the starting poly(1 ,4-biphenylene ether ether sulfone) had been decreased, and that a new absorption due to the 
hydrogen atom of a phenyl group adjacent to a S0 3 H group was present at 8.3 ppm. This fact confirmed the introduction 
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of sulfonic acid groups. The sulfonic acid equivalent weight of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) 
solid polymer electrolyte II thus obtained was 650 g/equivalent. 

[0100] In a Teflon-coated closed container made of SUS, 1.0 g of the aforesaid sulfonated poiy(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte II and 20 ml of ion-exchanged water were maintained at 120°C for 2 
5 weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfonated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II was measured. 

[0101] As a result, it was found that the sulfonic acid equivalent weight of the sulfonated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte II had been increased to 1 ,200 g/equivalent from its initial value of 650 g/ 
equivalent, namely, sulfonic acid groups had been released. 

10 

(2) Formation of a solid polymer electrolyte membrane 

[0102] The sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II obtained in the above 
item (1) was dissolved in a N,N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent (volume ratio; 
15 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread on a glass plate by spin coating, air-dried 
and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane II of 45 \vm in thickness. The ion electric 
conductivity of the obtained solid polymer electrolyte membrane It was 3 S/cm. 

[0103] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane II and 
20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. As a result, the obtained solid polymer electrolyte 
20 membrane II was broken to tatters. 

(3) Production of an electrocatalyst-coating solution and a membrane-electrodes assembly 

[0104] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte II in the N, 
25 N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution II). 

[0105] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution II 
30 and 20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution II after the maintenance was measured. As a result, it was found that the ion-exchange group equivalent 
weight of the electrocatalyst-coating solution II had been increased to 1 ,200 g/equivalent from its initial value of 650 
g/equivalent, namely, sulfonic acid groups had been released. 
35 [0106] The aforesaid electrocatalyst-coating solution II was applied on both sides of the solid polymer electrolyte 
membrane II obtained in the above item (2), and was dried to produce a membrane-electrodes assembly II having an 
amount of platinum supported of 0.25 mg/cm 2 . 

[0107] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly II obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. As a result, the membrane of the membrane- 
40 electrodes assembly II was broken to tatters and its electrodes were peeled. 

(4) Durability test on a single cell for fuel cell 

[01 08] A single cell for solid polymer electrolyte fuel cell was produced by adhering a packing material (a supporting 
45 current collector) of thin carbon paper to each side of the membrane-electrodes assembly II obtained in Comparative 
Example 1 , and providing an electroconductive separator (a bipolar plate) capable of serving as a separator between 
electrode chambers and passageways for gas supply to the electrodes, on the outer surface of each packing material. 
The single cell was subjected to a long-term operation test at a current density of 300 mA/cm 2 . 
[0109] As a result, it was found that as indicated by numeral 16 in Fig. 2, the initial output voltage of the single cell 
- 50 was 0.73 V and that the output voltage of the single cell was zero after 600 hours of operation. 

Example 2 

(1) Synthesis of a sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 

55 

[01 10] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 22.6 g (0.0155 
mol) of a poly(1 ,4-biphenylene ether ether sulfone) [("C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] dried by its mainte- 
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nance at 110°C for 10 hours and 150 ml of dehydrated 1 ,1 ,2-trichloroethane were placed in the flask and maintained 
at 113°C for about 1 hour to effect dissolution. To the resulting solution was added 24.8 g (0.0155 mol) of propanesul- 
tone. 

[0111] Subsequently, 6.19 g (0.0464 mol) of anhydrous aluminum chloride was added thereto with stirring over a 
5 period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, the resulting mixture was 
stirred at 113°C for 30 hours. The polymer precipitated was filtered, washed with 150 ml of chloroform and then dried 
under reduced pressure. The dried polymer was suspended in 250 ml of water and finely ground in a mixer, and the 
resulting finely ground substance was filtered. This procedure was repeated four times. 

[0112] After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 
10 90°C under reduced pressure. The dried substance was subjected to 1 HNMR measurement to find that new peaks 
due to a -CH 2 CH 2 CH 2 S03H group were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of 
sulfopropyl groups. The sulfonic acid equivalent weight of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 
solid polymer electrolyte HI thus obtained was 430 g/equivalent. 

[0113] Since the sulfopropylated poly(1 ; 4-biphenylene ether ether sulfone) solid polymer electrolyte III can be pro- 
's duced through one step by using the poly(1 ,4-biphenylene ether ether sulfone), a relatively inexpensive commercial 
engineering plastic, as a starting material . the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 1 1 7) produced through five steps by using an expensive 
starting material. 

[0114] In a Teflon-coated closed container made of S US, 1 .0 g of the obtained sulfopropylated poly(1 ,4-biphenylene 
20 ether ether sulfone) solid polymer electrolyte III and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfopropylated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte III was measured. 

[0115] As a result, rt was found that the ion-exchange group equivalent weight of the sulfopropylated poly(1 ,4-biphe- 
nylene ether ether sulfone) solid polymer electrolyte ill was 430 g/equivalent, the same value as the initial value, 
25 namely, the solid polymer electrolyte III was stable like the expensive perfluorocarbon sulfonic acid solid polymer elec- 
trolyte (Nation 117). 

[0116] On the other hand, as described in Comparative Example 1 , (1), the ion-exchange group equivalent weight 
of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II was increased to 1 ,200 g/equiv- 
alent from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as above, namely, 
30 sulfonic acid groups were released from the solid polymer electrolyte II. 

[0117] Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II described 
in Comparative Example 1 , (1), the inexpensive sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer 
electrolyte III was stable like the expensive perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) and 
was excellent in both cost and resistance to hydrolysis (durability). 

35 

(2) Formation of a solid polymer electrolyte membrane 

[0118] The product obtained in the above item (1 ) was dissolved in a N.N-dimethylformamide-cyclohexanonemethy! 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
40 on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane 
III of 25 ujti in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane III was 55 

S/cm. 

[0119] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane ill and 
20 m! of ion-exchanged water were maintained at 1 20°C for 2 weeks. Afterthe maintenance, the ion electric conductivity 
45 of the solid polymer electrolyte membrane III was the same as its initial value like that of the perfluorocarbon sulfonic 
acid solid polymer electrolyte membrane (Nation 117) produced at a high cost, and the solid polymer electrolyte mem- 
brane III was firm. 

[0120] On the other hand, as described in Comparative Example 1 , (2), the sulfonated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte membrane II was broken to tatters under the same conditions of hydrolysis by 
50 heating as above. 

[0121] Thus, unlike the inexpensive sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 
membrane II described in Comparative Example 1 , (2), the inexpensive sulfopropylated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte membrane III was stable like the expensive perfluorocarbon sulfonic acid solid 
polymer electrolyte membrane (Nation 11 7) and was excellent in both cost and resistance to hydrolysis (durability). 

55 

(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 



[0122] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte 111 in the N, 
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N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution III). 

5 [0123] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution III 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution III after the maintenance was measured. 

[0124] As a result, it was found that the ion-exchange group equivalent weight of the electrocatalyst-coating solution 
10 Ml was 430 g/equivalent, the same value as the initial value, namely, the electrocatalyst-coating solution III was stable 
like the expensive perfluorocarbon sulfonic acid (Nafion 117) electrocatalyst-coating solution. 
[0125] On the other hand, as described in Comparative Example 1 , (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution II was increased to 1 ,200 g/equivalent from its initial value of 650 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. Thus, unlike 
15 the inexpensive electrocatalyst-coating solution II described in Comparative Example 1. (2), the inexpensive electro- 
catalyst-coating solution III was stable like the expensive perfluorocarbon sulfonic acid (Nafion 117) electrocatalyst- 
coating solution and was excellent in both cost and resistance to hydrolysis (durability). 

[0126] The aforesaid electrocatalyst-coating solution HI was applied on both sides of the solid polymer electrolyte 
membrane III obtained in the above item (2). and was dried to produce a membrane-electrodes assembly III having 
20 an amount of platinum supported of 0.25 mg/cm 2 . 

[0127] The electrocatalyst-coating solution II described in Comparative Example 1 , (2) was applied on both sides of 
the same solid polymer electrolyte membrane III as that obtained in the above item (2), and was dried to produce a 
membrane-electrodes assembly III' having an amount of platinum supported of 0.25 mg/cm 2 . 

[0128] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
25 solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 
platinum catalyst to the solid polymer electrolyte might be 2 : 1. The platinum-supporting carbon was uniformly dis- 
persed in the solution to prepare a paste (an electrocatalyst-coating solution). 

[0129] This electrocatalyst-coating solution was applied on both sides of the same solid polymer electrolyte mem- 
brane III as that obtained in the above item (2), and was dried to produce a membrane-electrodes assembly III" having 

30 an amount of platinum supported of 0.25 mg/cm 2 . 

[0130] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly III obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly III was not different from that before the maintenance like a membrane-electrodes assembly 
produced at a high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117) 

35 and the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117), and its membrane was firm. 

[0131] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly III' obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly III 1 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly III 1 after the 
maintenance had a power-generating capability. 

40 [0132] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly III" obtained 
and 20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. In the membrane-electrodes assembly III" 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly III" after the 
maintenance had power-generating capability. 

[0133] On the other hand, as described in Comparative Example 1 , (3), the membrane of the membrane-electrodes 
45 assembly II produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte 
membrane II and the electrocatalyst-coating solution II was broken to tatters and its electrodes were peeled, under the 
same conditions of hydrolysis by heating as above. Thus, unlike the inexpensive membrane-electrodes assembly II 
described in Comparative Example 1 , (3), i.e., the assembly of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) 
solid polymer electrolyte membrane and electrodes, the inexpensive assembly of the sulfopropylated poly(1 ,4-biphe- 
50 nylene ether ether sulfone) solid polymer electrolyte membrane and electrodes was stable like the expensive assembly 
of the perfluorocarbon sulfonic acid (Nafion 1 1 7) membrane and electrodes, and was excellent in both cost and resist- 
ance to hydrolysis (durability). 

(4) Evaluation of the output capability of single cells for fuel cell 

55 

[0134] The above-mentioned membrane-electrodes assemblies III, III' and III" were allowed to absorb water by im- 
mersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was incor- 
porated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. 
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[0135] In detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a 
packing material (a supporting current eqljector) 5 of thin carbon paper to each of the electrodes of each membrane- 
electrodes assembly 4 obtained in Example 2 and composed of a solid polymer electrolyte membrane 1 , an oxygen 
electrode 2 and a hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of 

5 serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
surface of each packing material. The single cells for solid polymer electrolyte fuel cell thus obtained were subjected 
to a long-term operation test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 3. In Fig. 3, 
numerals 17, 18 and 19 indicate the results of the durability test on the single cells using the membrane-electrodes 
assemblies III, III' and III", respectively. 

10 [0136] In Fig. 3, numeral 1 7 indicates the change with time of output voltage of the single cell for fuel cell of Example 
2 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 18 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 2 by using a solid polymer 

15 electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

[01 37] Numeral 1 9 indicates the change with time of output voltage of the single cell for fuel cell produced in Example 
2 by using a solid polymer electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded 

20 thereto through alkylene groups and an electrocatalyst-coating solution containing the perfluorocarbon sulfonic acid 
solid polymer electrolyte (Nafion 117). Numeral 20 indicates the change with time of output voltage of a single cell for 
fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 1 1 7). Numeral 
21 indicates the change with time of output voltage of a single cell for fuel cell of Comparative Example 2 produced by 
using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups directly bonded 

25 thereto and an electrocatalyst-coating solution containing the polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

[0138] In Fig. 3, numeral 20 indicates the result of the durability test on the single cell for fuel cell obtained by using 
the assembly of the perfluorocarbon sulfonic acid (Nafion 117) membrane and electrodes. 

[0139] As indicated by numerals 1 7 and 1 9 in Fig. 3, the initial output voltage of each of the single cells for fuel cell 
30 obtained by using the membrane-electrodes assemblies III and III", respectively, is 0.88 V, and the output voltage of 
each single cell is decreased to about 94% of the initial output voltage after 5,000 hours of operation. The decreased 
value, however, is substantially the same as the output voltage of the single cell for fuel cell produced by using the 
assembly of the perfluorocarbon sulfonic acid (Nafion 117) membrane and electrodes. Therefore, each of the single 
cells obtained by using the membrane-electrodes assemblies III and 111", respectively, can be satisfactorily used in a 
35 fuel cell. 

[0140] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 21 in Fig. 3 
(the single cell for fuel cell of Comparative Example 2 obtained by using the sulfonated aromatic hydrocarbon solid 
polymer electrolyte II) was 0.73 V, and the output voltage of this single cell was zero after 600 hours of operation. 
[0141] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
40 polymer electrolyte III obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon 
polymer through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic 
hydrocarbon solid polymer electrolyte II having sulfonic acid group directly bonded thereto. 

[0142] The single cells forfuel cell obtained by using the membrane-electrodes assemblies III and III", respectively, 
are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly III'. 

45 [0143] That is, the electrocatalyst-coating solution III is more suitable for coating an electrocatalystfor a membrane- 
electrodes assembly than the electrocatalyst-coating solution II described in Comparative Example 1 . The reason why 
the output voltage of the single cell for fuel cell of Example 2 is higher than that of the single cell for fuel cell of Com- 
parative Example 2 though the membrane-electrodes assemblies of Example 2 and Comparative Example 2 have the 
same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of the solid polymer electrolyte 

so membrane III and electrocatalyst-coating solution III used in the membrane-electrodes assembly 111 of Example 2 is 
higher than that of the solid polymer electrolyte membrane II and electrocatalyst-coating solution II used in the mem- 
brane-electrodes assembly II of Comparative Example 2. 

(5) Production of a fuel cell 

55 

[0144] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 
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•i k. 
Example 3 

(1) Synthesis of a sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 

5 [01 45] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 6.00 g (0.01 55 
mol) of a dried poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-C 6 H4-4-0-)J and 150 ml of 
dehydrated chloroform for synthesis were placed in the flask and maintained at 60°C for about 1 hour to effect disso- 
lution. To the resulting solution was added 5.67 g (0.0464 mol) of propanesultone. 

w [0146] Subsequently, 6.19 g (0.0464 mol) of anhydrous aluminum chloride was added thereto with stirring over a 
period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, the resulting mixture was 
refluxed with stirring at 60°C for 30 hours. The precipitate was filtered, washed with 150 ml of chloroform and then 
dried under reduced pressure. The dried precipitate was suspended in 250 ml of water, finely ground in a mixer, and 
then filtered. This procedure was repeated four times. 

15 [0147] After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 
90° C under reduced pressure. The dried substance was subjected to 1 HNMR measurement to find that new peaks 
due to a -CH 2 CH 2 CH 2 S0 3 H group were present at 2.2 ppm and 3.8 ppm. 

[0148] This fact confirmed the introduction of sutfopropyl groups. The sulfonic acid equivalent weight of the sulfo- 
propylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte IV thus obtained was 970 g/equivalent. 
20 [0149] Since the sulfopropylated poly(1 : 4-biphenylene ether ether sulfone) solid polymer electrolyte IV can be pro- 
duced through one step by using the poly(1 ,4-biphenylene ether ether sulfone), a relatively inexpensive commercial 
engineering plastic, as a starting material, the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) produced through five steps by using an expensive 
starting material. 

25 [01 50] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfopropylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte IV and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfopropylated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte IV was measured. 

[0151] The ion-exchange group equivalent weight of the solid polymer electrolyte IV was 970 g/equivalent, the same 
30 value as the initial value, namely, the solid polymer electrolyte IV was stable like the expensive perfluorocarbon sulfonic 
acid solid polymer electrolyte (Nafion 117). 

[0152] On the other hand, the ion-exchange group equivalent weight of the inexpensive sulfonated poly(1 ,4-biphe- 
nylene ether ether sulfone) solid polymer electrolyte II of Comparative Example 1 was increased to 1 : 200 g/equivalent 
from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as above, namely, sulfonic 
35 acid groups were released from the solid polymer electrolyte II. Thus, unlike the sulfonated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte II of Comparative Example 1 , the inexpensive sulfopropylated poly(1 ,4-biphe- 
nylene ether ether sulfone) solid polymer electrolyte IV was stable like the perfluorocarbon sulfonic acid solid polymer 
electrolyte (Nafion 117) and was excellent in both cost and resistance to hydrolysis (durability). 

40 (2) Formation of a solid polymer electrolyte membrane 

[0153] The solid polymer electrolyte IV obtained in the above item (1) was dissolved in a N,N-dimethylformamide- 
cyclohexanone-methyl ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting 
solution was spread on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a solid polymer 
45 electrolyte membrane IV of 25 urn in thickness. The ion electric conductivity of the electrolyte membrane IV was 1 0 S/ 

cm. 

[0154] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane IV and 
20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. After the maintenance, the ion electric conductivity 
of the solid polymer electrolyte membrane IV was the same as its initial value like that of the perfluorocarbon sulfonic 
50 acid solid polymer electrolyte membrane (Nafion 1 1 7) produced at a high cost, and the solid polymer electrolyte mem- 
brane IV was firm. 

[0155] On the other hand, as described in Comparative Example 1, (2), the relatively inexpensive sulfonated poly 
(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane II was broken to tatters under the same 
conditions of hydrolysis by heating as above. 
55 [0156] Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane II, 
the inexpensive sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane IV was 
stable like the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 1 1 7) and was excellent in both 
cost and resistance to hydrolysis (durability). 
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(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 



[0157] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte IV in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
5 (content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution IV). 

[0158] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution IV 
and 20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. After cooling, the solvent was vaporized 
10 and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution IV after the maintenance was measured. 

[0159] As a result, it was found that the ion-exchange group equivalent weight of the electrocatalyst-coating solution 
IV was 970 g/equivalent, the same value as the initial value, namely, the electrocatalyst-coating solution IV was stable 
like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst-coating solution, 
rs [0160] On the other hand, the ion-exchange group equivalent weight of the electrocatalyst-coating solution II of 
Comparative Example 1 was increased to 1 ,200 g/equivalent from its initial value of 650 g/equivalent under the same 
conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 

[0161] Thus, unlike the electrocatalyst-coating solution II of Comparative Example 1 , the inexpensive electrocatalyst- 
coating solution IV was stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst-coating solution and 
20 was excellent in both cost and resistance to hydrolysis (durability). 

[0162] The aforesaid electrocatalyst-coating solution IV was applied on both sides of the solid polymer electrolyte 
membrane IV obtained in the above item (2), and was dried to produce a membrane-electrodes assembly IV having 
an amount of platinum supported of 0.25 mg/cm 2 . 

[0163] The electrocatalyst-coating solution II of Comparative Example 1 was applied on both sides of the same solid 
25 polymer electrolyte membrane IV as that obtained in the above item (2), and was dried to produce a membrane- 
electrodes assembly IV having an amount of platinum supported of 0.25 mg/cm 2 . 

[0164] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) in an alcohol- 
water mixed solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the 
weight ratio of platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was 
30 uniformly dispersed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating 
solution was applied on both sides of the same solid polymer electrolyte membrane IV as that obtained in the above 
item (2), and was dried to produce a membrane-electrodes assembly IV" having an amount of platinum supported of 
0.25 mg/cm 2 . 

[0165] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly IV obtained 
35 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. The membrane-electrodes assembly IV 
after the maintenance was not different from that before the maintenance like a membrane-electrodes assembly pro- 
duced at a high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) and 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 11 7), and its membrane was firm. 
[0166] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly IV obtained 
40 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly IV 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly IV after the 
maintenance had power-generating capability. 

[0167] In a Teflon-coated closed container made of SUS, the aforesaid membrane -electrodes assembly IV" and 20 
ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. In the membrane-electrodes assembly IV" after the 
45 maintenance, the electrodes were peeling a little but the membrane was firm. The assembly IV" after the maintenance 
had power-generating capability. 

[0168] On the other hand, as described in Comparative Example 1 , (3), the membrane of the membrane-electrodes 
assembly ll produced by using the relatively inexpensive sulfonated poiy(1,4-biphenylene ether ether sulfone) solid 
polymer electrolyte membrane II and the electrocatalyst-coating solution II was broken to tatters and its electrodes 

50 were peeled, under the same conditions of hydrolysis by heating as above. 

[0169] Thus, unlike the inexpensive membrane-electrodes assembly II of Comparative Example 1 , i.e., the assembly 
of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane and electrodes, the 
inexpensive assembly of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte mem- 
brane and electrodes was stable like the assembly of the perfluorocarbon sulfonic acid (Nation 117) membrane and 

55 electrodes, and was excellent in both cost and resistance to hydrolysis (durability). 
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9 I 

(4) Durability test on single cells for fuel cell 

[0170] The above-mentioned membrane-electrodes assemblies IV, IV and IV" were allowed to absorb water by im- 
mersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was incor- 

5 porated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. In 
detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a packing material 
(a supporting current collector) 5 of thin carbon paperto each of the electrodes of each membrane-electrodes assembly 
4 obtained in Example 3 and composed of a solid polymer electrolyte membrane 1 , an oxygen electrode 2 and a 
hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of serving as a separator 

10 between electrode chambers and passageways for gas supply to the electrodes, on the outer surface of each packing 
material. 

[0171] The single cells for solid polymer electrolyte fuel cell thus obtained were subjected to a long-term operation 
test at a current density of 300 mA/cm 2 . In Fig. 4, numerals 22, 23 and 24 indicate the results of the durability test on 
the single cells for fuel cell obtained by using the membrane-electrodes assemblies IV, IV and IV", respectively. In Fig. 
15 4, numeral 25 indicates the result of the durability test on a single cell for fuel cell obtained by using the assembly of 
the perfluorocarbon sulfonic acid (Nation 117) membrane and electrodes. 

[0172] In Fig. 4, numeral 22 indicates the change with time of output voltage of the single cell for fuel cell of Example 
3 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 

20 solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 23 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 3 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

25 [01 73] Numeral 24 indicates the change with time of output voltage of the single cell for fuel cell produced in Example 
3 by using a solid polymer electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded 
thereto through alkylene groups and an electrocatalyst-coating solution containing the perfluorocarbon sulfonic acid 
solid polymer electrolyte (Nation 117). Numeral 25 indicates the change with time of output voltage of the single cell 
for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117). 

30 Numeral 26 indicates the change with time of output voltage of a single cell for fuel cell of Comparative Example 3 
produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether sulfone solid polymer 
electrolyte having sulfonic acid groups directly bonded thereto. 

[0174] In the case of numerals 22 and 24 in Fig. 4, the initial output voltage was 0.78 V, and the output voltage had 
35 the same value as its initial value even after 5,000 hours of operation. These results were equal to those obtained by 
the use of the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) IV and indicated by 
numeral 25 in Fig. 4. 

[0175] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 26 in Fig. 4 
(the single cell for fuel cell of Comparative Example 1 obtained by using the sulfonated poly(1,4-biphenylene ether 
40 ether sulfone) solid polymer electrolyte II) was 0.73 V, and the output of this single cell was zero after 600 hours of 
operation. 

[01 76] From this fact, it is clear that the single cell for fuel cell produced by using the solid polymer electrolyte mem- 
brane IV of a poly(1 ,4-biphenylene ether ether sulfone) having sulfonic acid groups bonded to its aromatic rings through 
alkylene groups is superior in durability to the single cell for fuel cell produced by using the solid polymer electrolyte 

45 membrane II of a poty(1 ,4-blphenylene ether ether sulfone) having sulfonic acid groups directly bonded thereto. 

[01 77] The single cells for fuel cell obtained by using the membrane-electrodes assemblies IV and IV", respectively, 
are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly IV. That 
is, the electrocatalyst-coating solution IV is more suitable for coating an electrocatalyst for a membrane-electrodes 
assembly than the electrocatalyst-coating solution II of Comparative Example 1 . 
* 50 [01 78] The reason why the output voltage of the single cell for fuel cell of Example 3 is higher than that of the single 
cell for fuel cell of Comparative Example 1 though the membrane-electrodes assemblies of Example 3 and Comparative 
Example 1 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of the 
solid polymer electrolyte membrane IV and electrocatalyst-coating solution IV used in the membrane-electrodes as- 
sembly of Example 3 is higher than that of the solid polymer electrolyte membrane Hand electrocatalyst-coating solution 

55 || used in the membrane-electrodes assembly of Comparative Example 1 . 
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(5) Production of a fuel cell 

[0179] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

5 

Example 4 

(1) Synthesis of a sulfopropylated poly(1,4-biphenylene ether ether sulfone) 

10 [0180] In an autoclave, 6.00 g (0.0155 mol) of a dried poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 - 
4-OC 6 H 4 -4-C 6 H 4 -4-0-)J and 150 ml of dehydrated chloroform were maintained at 60°C for about 1 hour to effect 
dissolution. To the resulting solution was added 5.67 g (0.0464 mol) of propanesultone. 

[0181] Subsequently, 6.19 g (0.0464 mol) of anhydrous aluminum chloride was added thereto with stirring over a 
period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, the resulting mixture was 
15 stirred at 130°C for 20 hours. The polymer precipitated was filtered, washed with 150 ml of chloroform and then dried 
under reduced pressure. The dried polymer was suspended in 250 ml of water and finely ground in a mixer, and the 
resulting finely ground substance was filtered. This procedure was repeated four times. 

[0182] After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 
90°C under reduced pressure. The dried substance was subjected to 1 HNMR measurement to find that new peaks 
20 due to a -CH2CH2CH2SO3H group were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of 
sulfopropyl groups. The sulfonic acid equivalent weight of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 
solid polymer electrolyte V thus obtained was 530 g/equivalent. 

[0183] Since the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte V can be pro- 
duced through one step by using the poly(1 ,4-biphenylene ether ether sulfone), a relatively inexpensive commercial 
25 engineering plastic, as a starting material the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) produced through five steps by using an expensive 
starting material. 

[0184] In a Teflon-coated closed container made of S US, 1 .0 g of the obtained sulfopropylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte V and 20 ml of ion-exchanged water were maintained at 120°C for 2 
30 weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfopropylated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte V was measured. As a result, it was found that the 
ion-exchange group equivalent weight of the solid polymer electrolyte V was 530 g/equivalent, the same value as the 
initial value, namely, the solid polymer electrolyte V was stable like the perfluorocarbon sulfonic acid solid polymer 
electrolyte (Nafion 117). 

35 [0185] On the other hand, as described in Comparative Example 1 , (1), the ion-exchange group equivalent weight 
of the inexpensive sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II was increased to 
1 ,200 g/equivalent from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as 
above, namely, sulfonic acid groups were released from the solid polymer electrolyte II. 

[0186] Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II of Compar- 
40 ative Example 1 , the inexpensive sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 

V was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) and was excellent in both 
cost and resistance to hydrolysis (durability). 

(2) Formation of a solid polymer electrolyte membrane 

45 

[0187] The product obtained in the above item (1 ) was dissolved in a N,N-dimethylformamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
on a glass plate by spin coating, air-dried and then dried in vacuo at 80° C to form a solid polymer electrolyte membrane 

V of 25 um in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane V was 20 S/cm. 
50 [0188] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane V and 

20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the ion electric conductivity 
of the solid polymer electrolyte membrane V was the same as its initial value like that of the perfluorocarbon sulfonic 
acid solid polymer electrolyte membrane (Nafion 117) produced at a high cost, and the solid polymer electrolyte mem- 
brane V was firm. 

55 [0189] On the other hand, as described in Comparative Example 1 , (2), the relatively inexpensive sulfonated poly 
(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane II was broken to tatters under the same 
conditions of hydrolysis by heating as above. Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) 
solid polymer electrolyte membrane II of Comparative Example 1, the inexpensive sulfopropylated poly(1 ,4-biphe- 
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nyfene ether ether sulfone) solid polymer electrolyte membrane V was stable like the perfluorocarbon sulfonic acid 
solid polymer electrolyte membrane (Nation 1 1 7) and was excellent in both cost and resistant to hydrolysis (durability). 

(3) Production of electrocataiyst-coating solutions and membrane-electrodes assemblies 

5 

[0190] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte V in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 

10 catalyst-coating solution V). 

[0191] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocataiyst-coating solution V 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocataiyst- 
coating solution V after the maintenance was measured. The ion-exchange group equivalent weight of said solution 

15 v was 530 g/equivalent, the same value as the initial value, namely : said solution V was stable like the perfluorocarbon 
sulfonic acid (Nation 117) electrocataiyst-coating solution. 

[0192] On the other hand, as described in Comparative Example 1 , (2), the ion-exchange group equivalent weight 
of the electrocataiyst-coating solution II was increased to 1 ,200 g/equivalent from its initial value of 650 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. Thus, unlike 
20 the electrocataiyst-coating solution II of Comparative Example 1 , the inexpensive electrocataiyst-coating solution V 
was stable like the perfluorocarbon sulfonic acid (Nafion 1 1 7) electrocataiyst-coating solution and was excellent in both 
cost and resistance to hydrolysis (durability). 

[0193] The aforesaid electrocataiyst-coating solution V was applied on both sides of the solid polymer electrolyte 
membrane V obtained in the above item (2), and was dried to produce a membrane-electrodes assembly V having an 
25 amount of platinum supported of 0.25 mg/cm 2 . 

[0194] The electrocataiyst-coating solution li described in Comparative Example 1 , (2) was applied on both sides of 
the same solid polymer electrolyte membrane V as that obtained in the above item (2), and was dried to produce a 
membrane-electrodes assembly V* having an amount of platinum supported of 0.25 mg/cm 2 . 

[0195] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
30 solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 
platinum catalyst to the solid polymer electrolyte might be 2 : 1. The platinum-supporting carbon was uniformly dis- 
persed in the solution to prepare a paste (an electrocataiyst-coating solution). This electrocataiyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane V as that obtained in the above item (2), and 
was dried to produce a membrane-electrodes assembly V" having an amount of platinum supported of 0.25 mg/cm 2 . 
35 [0196] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly V and 20 
ml of ion-exchanged water were maintained at 1 20° C for 2 weeks. After the maintenance, the membrane-electrodes 
assembly V was not different from that before the maintenance like a membrane -electrodes assembly produced at a 
high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 1 1 7) and the perfluor- 
ocarbon sulfonic acid solid polymer electrolyte (Nafion 117), and its membrane was firm. 
40 [0197] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly V and 20 
ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly V after the 
maintenance, the electrodes were peeling a little but the membrane was firm. The assembly V after the maintenance 
had power-generating capability. 

[0198] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly V" and 20 
^5 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly V" after the 
maintenance, the electrodes were peeling a little but the membrane was firm. The assembly V" after the maintenance 
had power-generating capability. 

[01 99] On the other hand, as described in Comparative Example 1 , (3), the membrane of the membrane-electrodes 
assembly II produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte 

50 membrane II and the electrocataiyst-coating solution II was broken to tatters and its electrodes were peeled, under the 
same conditions of hydrolysis by heating as above. Thus, unlike the membrane-electrodes assembly II of Comparative 
Example 1, i.e., the assembly of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 
membrane and electrodes, the inexpensive assembly of the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 
solid polymer electrolyte membrane and electrodes was stable like the assembly of the perfluorocarbon sulfonic acid 

55 (Nafion 117) membrane and electrodes, and was excellent in both cost and resistance to hydrolysis (durability). 
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(4) Evaluation of the* output capability of single cells for fuel cell 

[0200] The above-mentioned membrane-electrodes assemblies V, V and V" were allowed to absorb water by im- 
mersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was incor- 
5 porated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. Fig. 5 
shows a current density-voltage plot obtained for the thus obtained single cell for fuel cell incorporated with the mem- 
brane-electrodes assembly V. 

[0201] The output voltage was 0.70 V at a current density of 1 A/cm 2 and 0.80 V at a current density of 300 nriA/cm 2 . 
Thus, said single cell was satisfactorily usable as a single cell for solid polymer electrolyte fuel cell. 

10 [0202] Then, a long-term operation test was carried out at a current density of 300 mA/cm 2 . The results obtained 
are shown in Fig. 6. In Fig, 6, numerals 27, 28 and 29 indicate the results of the durability test on the single cells for 
fuel cell obtained by using the membrane-electrodes assemblies V, V and V", respectively. In Fig. 6, numeral 30 indi- 
cates the result of the durability test on a single cell for fuel cell obtained by using the assembly of the perfluorocarbon 
sulfonic acid (Nafion 117) membrane and electrodes. 

15 [0203] In Fig. 6, numeral 27 indicates the change with time of output voltage of the single cell for fuel cell of Example 
4 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 28 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 4 by using a solid polymer 

20 electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

[0204] Numeral 29 indicates the change with time of output voltage of the single cell for fuel cell produced in Example 
4 by using a solid polymer electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded 

25 thereto through alkylene groups and an electrocatalyst-coating solution containing the perfluorocarbon sulfonic acid 
solid polymer electrolyte (Nafion 117). Numeral 30 indicates the change with time of output voltage of the single cell 
for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117). 
Numeral 31 indicates the change with time of output voltage of a single cell for fuel cell of Comparative Example 4 
produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 

30 directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether sulfone solid polymer 
electrolyte having sulfonic acid groups directly bonded thereto. 

[0205] In the case of numerals 27 and 29 in Fig. 6, the initial output voltage was 0.80 V, and the output voltage had 
substantially the same value as its initial value even after 5,000 hours of operation. These results were equal to those 
obtained by the use of the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117) and indicated 

35 by numeral 30 in Fig. 6. 

[0206] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 31 in Fig. 6 
(the single cell for fuel cell of Comparative Example 1 obtained by using the sulfonated aromatic hydrocarbon solid 
polymer electrolyte II) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 
[0207] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 

^o polymer electrolyte V obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon pol- 
ymer through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic 
hydrocarbon solid polymer electrolyte II having sulfonic acid groups directly bonded thereto. 
[0208] The single cells for fuel cell obtained by using the membrane-electrodes assemblies V and V", respectively, 
are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly V. That 

45 is, the electrocatalyst-coating solution V is more suitable than the electrocatalyst-coating solution II, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

[0209] The reason why the output voltage of the single cell for fuel cell of Example 4 is higher than that of the single 
eel I for fuel cell of Comparative Example 1 though the membrane-electrodes assemblies of Example 4 and Comparative 
Example 1 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of the 
50 solid polymer electrolyte membrane V and electrocatalyst-coating solution V used in the membrane-electrodes assem- 
bly V of Example 4 is higher than that of the solid polymer electrolyte membrane II and electrocatalyst-coating solution 
II used in the membrane-electrodes assembly II of Comparative Example 1. 

[0210] As can be seen from Examples 3 and 4, the initial output voltage of a single cell for fuel cell obtained by using 
a sulfoalkylated polyether ether sulfone solid electrolyte having a sulfonic acid equivalent weight of 530 to 970 g/ 
55 equivalent is equal to or higher than the output voltage of a single cell forfuel cell obtained by using the perfluorocarbon 
sulfonic acid (Nafion 117) membrane. The former single cell for fuel cell is especially preferable because it is not 
deteriorated even when operated for 5,000 hours. 
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(5) Production of a fuel cell 

[021 1 ] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

5 

Examples 5 to 9 

[021 2] The inner atmosphere of a 500-ml f our-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 6.00 g (0.01 55 
10 mol) of a poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] dried by its mainte- 
nance at 1 1 0°C for 1 0 hours and 1 50 ml of a dehydrated solvent were placed in the flask and heated to effect dissolution. 
To the resulting solution was added propanesultone. 

[0213] Subsequently, anhydrous aluminum chloride thoroughly ground in a mortar was added thereto with stirring 
over a period of about 30 minutes. The proportions of propanesultone and anhydrous aluminum chloride are shown 
15 in Table 1 . 

[021 4] After completion of the addition of anhydrous aluminum chloride, the resulting mixture was stirred at the tem- 
perature shown in Table 1 for the time shown In Table 1 . 

[021 5] The precipitate formed was filtered, washed with 1 50 ml of chloroform and then dried under reduced pressure. 
The dried precipitate was suspended in 250 ml of water, finely ground in a mixer and then filtered. This procedure was 

20 repeated four times. After thorough washing with water, the water-insoluble finely ground substance thus obtained was 
dried at 90° C under reduced pressure. The dried substance was subjected to 1 HNMR to find that new peaks due to a 
-CH 2 CH 2 CH 2 S0 3 H group were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of sulfopropyl 
groups. There were carried out the measurement of the sulfonic acid equivalent weight of the suffoalkyiated poly(1 ,4-bi- 
phenylene ether ether sulfone) solid polymer electrolytes thus obtained and the evaluation of the resistance to deteri- 

25 oration by water of the solid polymer electrolytes, solid polymer electrolyte membranes, electrocatalyst-coating solu- 
tions and assemblies of the solid polymer electrolyte membrane and electrodes, and the evaluation of single cells for 
fuel cell. The results obtained are shown in Table 1. 
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Table 1 



5 




1 


Example 

c 
D 


Example 
o 


XjXanpxe 

n 

/• • 


iiiXarnpxc 

o 
o 


Q 




Propane sul tone (g) 


0.0/ 


0.0/ 


D . 0 / 


17 n 






Anhydrous aluminum 
chloride (g) 


6.20 


6.20 


6.20 


18.6 


24.8 


10 


Dehydrated solvent 


1,1,2- 

trichloro- 

ethane 


1,1,2,2- 
tetra- 
chloro- 
ethane 


1,2,4- 

trichloro- 

benzene 


Chloro- 
form 


Chloro- 
form 




Reaction temp. (°C) 


113 


145 


150 


60 


60 




Reaction time (hr) 


12 


12 


12 


15 


12 


15 


Ion-exchange group 
eguivalent weight 
(g/equivalent ) 


620 


610 


590 


730 


680 


20 


Ion-exchange group 
equivalent weight 
(g/equivalent) of a 
solid polymer electro- 
lyte after its 
maintenance in ion- 
exchanged water at 
120° C for 2 weeks 


620 


610 


590 


730 


680 


25 


Shape of a solid 
polymer electrolyte 
membrane after its 
maintenance in ion- 
exchanged water at 
120 °C for 2 weeks 


No change 


No 
change 


No change 


No 
change 


No 
change 


30 


Ionic conductivity 
(S/cm) of a solid 
polymer electrolyte 
membrane 


16 


17 


19 


13 


15 


35 
40 


Ion-exchange group 
equivalent weight 
(g/equivalent) of an 
electrocatalyst- 
coating solution 
containing a solid 
polymer electrolyte , 
after its maintenance 
in ion-exchanged water 
at 120°C for 2 weeks 


620 


610 


590 


730 


680 


45 


Shape of an assembly 
of a solid polymer 
electrolyte membrane 
and electrodes after 
its maintenance in 
ion-exchanged water at 
120° C for 2 weeks 


No change 


No 
change 


No change 


No 
change 


No 
change 


50 


Initial output (V) of 
a single cell at 300 
mA/cm 


0.80 


0.80 


0.81 


0.79 


0.79 


55 


Output {% based on 
initial value) of a 
single cell after 
5,000 hours of opera- 
tion at 300 mA/an 


97 


98 


97 


99 


98 
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[0216] Since the sulfoalkylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolytes can be produced 
through one step by using an inexpensive commercial engineering plastic as a starting material, the cost of production 
thereof is as low as less than one-forties that of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 1 1 7) 
produced through five steps by using an expensive starting material. 

s [0217] In a Teflon-coated closed container made of SUS, each of the sulfoalkylated poly(1 ,4-biphenylene ether ether 
sulfone) solid polymer electrolytes of Examples 5 to 9 was maintained at 120°C for 2 weeks in ion-exchanged water. 
The sulfonic acid equivalent weight of each solid polymer electrolyte after the maintenance was the same as its initial 
value unlike that of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II of Comparative 
Example 1 , namely, the solid polymer electrolytes of Examples 5 to 9 were stable like the perfluorocarbon sulfonic acid 

10 solid polymer electrolyte (Nafion 117). Thus, the solid polymer electrolytes of Examples 5 to 9 were excellent in both 
cost and resistance to hydrolysis (durability). 

[0218] In a Teflon -coated closed container made of SUS, each of the sulfoalkylated poly(1 ,4-biphenylene ether ether 
sulfone) solid polymer electrolyte membranes of Examples 5 to 9 was maintained at 1 20°C f or 2 weeks in ion-exchanged 
water. The shape of each solid polymer electrolyte membrane after the maintenance was the same as the initial shape 
15 unlike that of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane of Compar- 
ative Example 1 , namely, the solid polymer electrolyte membranes of Examples 5 to 9 were stable like the perfluoro- 
carbon sulfonic acid solid polymer electrolyte membrane (Nafion 117). Thus : the solid polymer electrolyte membranes 
of Examples 5 to 9 were excellent in both cost and resistance to hydrolysis (durability). 

[0219] In a Teflon-coated closed container made of SUS, each of the electrocatalyst-coating solutions of Examples 
20 5 to 9 was maintained at 120°C for 2 weeks in ion-exchanged water. The sulfonic acid equivalent weight vf each 
electrocatalyst-coating solution was the same as its initial value unlike that of the electrocatalyst-coating solution II of 
Comparative Example 1 , namely, the electrocatalyst-coating solutions of Examples 5 to 9 were stable like the perfluor- 
ocarbon sulfonic acid (Nafion 117) electrocatalyst-coating solution. Thus, the electrocatalyst-coating solutions of Ex- 
amples 5 to 9 were excellent in both cost and resistance to hydrolysis (durability). 
25 [0220] Even when each of the assemblies of the sulfoalkylated poly(1 ,4-biphenylene ether ether sulfone) solid pol- 
ymer electrolyte membrane and electrodes of Examples 5 to 9 was heated at 120°C for 2 weeks together with ion- 
exchanged water in a Teflon-coated closed container made of SUS, these assemblies were not changed unlike the 
assembly of the sulfonated poly(1 ,4-biphenylene ether ether sulfone) membrane and electrodes of Comparative Ex- 
ample 1 , namely, the assemblies of Examples 5 to 9 were stable like the assembly of the perfluorocarbon sulfonic acid 
30 (Nafion 117) solid polymer electrolyte membrane and electrodes. Thus, the assemblies of Examples 5 to 9 were ex- 
cellent in both cost and resistance to hydrolysis (durability). 

[0221] The single cells using the sulfoalkylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 
membranes of Examples 5 to 9, respectively, were operated at 300 mA/cm 2 for 5,000 hours. After the operation, the 
output of each single cell was the same as its initial value unlike that of the single cell using the sulfonated poly(1 ,4-bi- 
35 phenylene ether ether sulfone) solid polymer electrolyte membrane of Comparative Example 1 , namely, the single cells 
of Examples 5 to 9 were stable like a single cell using the perfluorocarbon sulfonic acid solid polymer electrolyte mem- 
brane (Nafion 117). Thus, the single cells of Examples 5 to 9 were excellent in both cost and resistance to hydrolysis 
(durability). 

40 Example 10 

(1) Synthesis of a sulfobutylated poly(1,4-biphenylene ether ether sulfone) 

[0222] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 6.00 g (0.01 55 
mol) of a poly(1 ,4-biphenylene ether ether sulfone) t(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] dried by its mainte- 
nance at 1 10°C for 1 0 hours and 1 50 ml of dehydrated chloroform were placed in the flask and maintained at 60°C for 
about 1 hour to effect dissolution. To the resulting solution was added 6.26 g (0.0464 mol) of butanesultone. 
[0223] Subsequently, 6.1 9 g (0.0464 mol) of anhydrous aluminum chloride thoroughly ground in a mortar was added 
thereto with stirring over a period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, 
the resulting mixture was refluxed with stirring at 60°C for 20 hours. The precipitate was filtered, washed with 150 ml 
of chloroform and then dried under reduced pressure. The dried precipitate was suspended in 250 ml of water and 
finely ground in a mixer, and the resulting finely ground substance was filtered. This procedure was repeated four 
times. After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 90°C 
under reduced pressure. The dried substance was subjected to 1 HNMR measurement to find that new peaks due to 
a -CH 2 CH2CH2CH 2 S0 3 H group were presentat 1 .6to3.8 ppm. This fact confirmed the introduction of sulfobutyl groups. 
[0224] The sulfonic acid equivalent weight of the sulfobutylated poly(1 ,4-biphenylene ether ether sulfone) solid pol- 
ymer electrolyte VI thus obtained was 670 g/equivalent. 
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[0225] Since the sulfobutylated poly(1 ,4-biphenylene ether ether sutfone) solid polymer electrolyte VI can be pro- 
duced through one step by using the poty(j ,4-biphenylene ether ether sulfone), a relatively inexpensive commercial 
engineering plastic, as a starting material the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) produced through five steps by using an expensive 
5 starting material. 

[0226] The sulfobutylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VI is advantageous 
from the viewpoint of cost because it can be produced through one step like the sulfopropylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte V and hence can be synthesized at a lower cost as compared with a 
sulfomethylated poly(1 ,4-biphenylene ethyl ether sulfone) solid polymer electrolyte and a sulfohexamethylated poly 
10 (1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte which are produced through two steps as described 
hereinafter in Examples 11 and 12. 

[0227] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfobutylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte VI and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfobutylated 
is poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VI was measured. 

[0228] As a result, it was found that the ion-exchange group equivalent weight of the sulfobutylated poly(1 ,4-biphe- 
nylene ether ether sulfone) solid polymer electrolyte VI was 670 g/equivalent, the same value as the initial value, 
namely, the solid polymer electrolyte VI was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nation 117). 

20 [0229] On the other hand, as described in Comparative Example 1 , (1), the ion-exchange group equivalent weight 
of the inexpensive sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II was increased to 
1 ,200 g/equivalent from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as 
above, namely, sulfonic acid groups were released from the solid polymer electrolyte II. 

[0230] Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte II of Compar- 
25 ative Example 1 , the inexpensive sulfobutylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VI 
was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) and was excellent in both cost 
and resistance to hydrolysis (durability). 

(2) Formation of a solid polymer electrolyte membrane 

30 

[0231 ] The product obtained in the above item (1 ) was dissolved in a N.N-dimethylformamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane 
VI of 25 jim in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane VI was 25 
35 S/cm. 

[0232] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane VI and 
20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. After the maintenance, the ion electric conductivity 
of the electrolyte membrane VI was the same as its initial value like that of the perfluorocarbon sulfonic acid solid 
polymer electrolyte membrane (Nafion 117) produced at a high cost, and the solid polymer electrolyte membrane VI 
40 was firm. 

[0233] On the other hand, as described in Comparative Example 1 , (2), the relatively inexpensive sulfonated aromatic 
hydrocarbon solid polymer electrolyte membrane II was broken to tatters under the same conditions of hydrolysis by 
heating as above. Thus, unlike the sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte mem- 
brane II of Comparative Example 1, the inexpensive sulfobutylated poly(1 ,4-biphenylene ether ether sulfone) solid 
45 polymer electrolyte membrane VI was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte membrane 
(Nafion 117) and was excellent in both cost and resistance to hydrolysis (durability). 

(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

so [0234] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte VI in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution VI). 

55 [0235] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution VI 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution VI after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 
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alent weight of said'solution VI was 670 g/equivalent, the same value as the initial value, namely, the solution VI was 
stable like the perfluorocarbon sulfonic acid (Nafion 117) electrocatalyst-coating solution. 

[0236] On the other hand, as described in Comparative Example 1 , (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution II was increased to 1 ,200 g/equivalent from its initial value of 650 g/equivalent 
5 under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. Thus, unlike 
the electrocatalyst-coating solution II of Comparative Example 1 , the inexpensive electrocatalyst-coating solution VI 
was stable like the perfluorocarbon sulfonic acid (Nafion 117) electrocatalyst-coating solution and was excellent in both 
cost and resistance to hydrolysis (durability). 

[0237] The aforesaid electrocatalyst-coating solution VI was applied on both sides of the solid polymer electrolyte 
10 membrane VI obtained in the above item (2), and was dried to produce a membrane-electrodes assembly VI having 
an amount of platinum supported of 0.25 mg/cm 2 . 

[0238] The electrocatalyst-coating solution II described in Comparative Example 1 , (2) was applied on both sides of 
the same solid polymer electrolyte membrane VI as that obtained in the above item (2), and was dried to produce a 
membrane-electrodes assembly VI' having an amount of platinum supported of 0.25 mg/cm 2 . 

15 [0239] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 
platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was uniformly dis- 
persed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane VI as that obtained in the above item (2), and 

20 was dried to produce a membrane-electrodes assembly VI" having an amount of platinum supported of 0.25 mg/cm 2 . 
[0240] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VI obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly VI was not different from that before the maintenance like a membrane-electrodes assembly 
produced at a high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117) 

25 and the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117), and its membrane was firm. 

[0241] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VI* and 20 
ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly VI' after the 
maintenance, the electrodes were peeling a little but the membrane was firm. The assembly VI' after the maintenance 
had power-generating capability. 

30 [0242] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VI" and 20 
ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly VI" after the 
maintenance, the electrodes were peeling a little but the membrane was firm. The assembly VI" after the maintenance 
had power-generating capability. 

[0243] On the other hand, as described in Comparative Example 1 , (3), the membrane of the membrane-electrodes 
35 assembly II produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte 
membrane II and the electrocatalyst-coating solution II was broken to tatters and the electrodes of the assembly were 
peeled, under the same conditions of hydrolysis by heating as above. 

[0244] Thus, unlike the membrane-electrodes assembly II of Comparative Example 1 , i.e., the assembly of the sul- 
fonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane and electrodes, the inexpensive 
40 assembly VI of the sulfobutylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane and 
electrodes was stable like the assembly of the perfluorocarbon sulfonic acid (Nafion 117) membrane and electrodes, 
and was excellent in both cost and resistance to hydrolysis (durability). 

(4) Evaluation of the output capability of single cells for fuel cell 

45 

[0245] The above-mentioned membrane-electrodes assemblies VI, VI' and VI" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
corporated into a cell for evaluation. The output capability of the single cells for fuel cell thus obtained was evaluated. 
Fig. 7 shows a current density-voltage plot obtained for the thus obtained single cell for fuel cell incorporated with the 
* 50 membrane-electrodes assembly VI. 

[0246] The output voltage was 0.70 V at a current density of 1 A/cm 2 and 0.79 V at a current density of 300 mA/cm 2 . 
Thus, said single cell was satisfactorily usable as a single cell for solid polymer electrolyte fuel cell. 
[0247] The above-mentioned single cells for solid polymer electrolyte fuel cell were produced by adhering a packing 
material (a supporting current collector) of thin carbon paper to each side of each of the membrane -electrodes assem- 
55 blies VI, VI' and VI" produced in Example 1 0, and providing an electroconductive separator (a bipolar plate) capable 
of serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
surface of each packing material. The single cells were subjected to a long-term operation test at a current density of 
300 mA/cm 2 . The results obtained are shown in Fig. 8. 
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[0248] In Fig. 8, numerals 32, 33 and 34 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the membrane-electrodes assemblies VI, VI' and VI", respectively. In Fig. 8, numeral 35 indicates 
the result of the durability test on a single cell for fuel cell obtained by using the assembly of the perf luorocarbon sulfonic 
acid (Nation 117) membrane and electrodes. 

5 [0249] In Fig. 8, numeral 32 indicates the change with time of output voltage of the single cell for fuel cell of Example 
10 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 33 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 1 0 by using a solid polymer 

10 electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

[0250] Numeral 34 indicates the change with time of output voltage of the single cell for fuel cell produced in Example 
10 by using a solid polymer electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded 

15 thereto through alkylene groups and an electrocatalyst-coating solution containing the perfluorocarbon sulfonic acid 
solid polymer electrolyte (Nation 117). Numeral 35 indicates the change with time of output voltage of the single cell 
for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117). 
Numeral 36 indicates the change with time of output voltage of a single cell for fuel cell of Comparative Example 10 
produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 

20 directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether sulfone solid polymer 
electrolyte having sulfonic acid groups directly bonded thereto. 

[0251] In the case of numerals 32 and 34 in Fig. 8, the initial output voltage was 0.79 V, and the output voltage had 
the same value as its initial value even after 5,000 hours of operation. These results were equal to those obtained by 
the use of the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 1 1 7) and indicated by numeral 
25 35 in Fig. 8. 

[0252] On the other hand, the initial voltage of the single cell for fuel cell indicated by numeral 36 in Fig. 8 (the single 
cell for fuel cell of Comparative Example 1 obtained by using the sulfonated aromatic hydrocarbon solid polymer elec- 
trolyte II) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 

[0253] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
30 polymer electrolyte VI obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon 
polymer through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic 
hydrocarbon solid polymer electrolyte II having sulfonic acid groups directly bonded thereto. 
[0254] The single cells for fuel cell obtained by using the membrane-electrodes assemblies VI and VI", respectively, 
are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly VI'. 
35 [0255] That is, the electrocatalyst-coating solution VI is more suitable than the electrocatalyst-coating solution II, for 
coating an electrocatalyst for a membrane-electrodes assembly. 

[0256] The reason why the output voltage of the single cell for fuel cell of Example 10 is higher than that of the single 
ceil for fuel cell of Comparative Example 1 though the membrane-electrodes assemblies of Example 10 and Compar- 
ative Example 1 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
40 the solid polymer electrolyte membrane VI and electrocatalyst-coating solution VI used in the membrane-electrodes 
assembly of Example 10 is higher than that of the solid polymer electrolyte membrane II and electrocatalyst-coating 
solution II used in the membrane-electrodes assembly of Comparative Example 1. 

(5) Production of a fuel cell 

45 

[0257] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

Example 11 

so 

(1 ) Synthesis of a chloromethytated poly(1 ,4-biphenylene ether ether sulfone) 

[0258] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 36.1 g of 
55 a poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-O-) n ], 60 g (2 mols) of paraformaldehyde 
and 50 ml of dried nitrobenzene were placed in the flask. Then, 73 g of hydrogen chloride gas was bubbled thereinto 
with stirring while maintaining the temperature at 100°C. After completion of the bubbling, the resulting mixture was 
maintained at 150°C for 4 hours. 
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[0259] Subsequently, the reaction solution was slowly dropped into 1 liter of deionized water to precipitate a chlo- 
romethylated poly(1 ,4-biphenylene ether ether sulfone), which was recovered by filtration. The recovered precipitate 
was repeatedly subjected to washing with deionized water in a mixer and recovery by filtration by suction until the 
filtrate became neutral. Thereafter, the precipitate thus treated was dried overnight at 80°C under reduced pressure. 

5 

(2) Synthesis of a sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) 

[0260] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 10 g of 
10 the aforesaid ch loromethylated poly(1 : 4-biphenylene ether ether sulfone), 50 ml of dried nitrobenzene and 30 g of 
sodium sulfate were placed in the flask and stirred at 100°C for 5 hours. Then, 10 ml of ion-exchanged water was 
added thereto and stirred for 5 hours. 

[0261] Subsequently, the reaction solution was slowly dropped into 1 liter of deionized water to precipitate a sulfo- 
methylated poly(1 ,4-biphenylene ether ether sulfone), which was recovered by filtration. The recovered precipitate was 

1? repeatedly subjected to washing with deionized water in a mixer and recovery by filtration by suction until the filtrate 
became neutral. Thereafter, the precipitate thus treated was dried overnight at 120°C under reduced pressure. 
[0262] The dried precipitate was subjected to 1 HNMR measurement to find that a new peak due to a -CH 2 S0 3 H 
group was present at 4.5 ppm. This fact confirmed the introduction of sulfomethyl groups. The ion-exchange group 
equivalent weight of the sulfomethylated poly(1 : 4-biphenylene ether ether sulfone) solid polymer electrolyte VII thus 

20 obtained was 660 g/equivalent. 

[0263] Since the sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VII can be pro- 
duced by the above process through two steps by using the poly(1 ,4-biphenylene ether ether sulfone), an inexpensive 
commercial engineering plastic, as a starting material, the cost of production thereof is as very low as less than one- 
thirtieth that of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) produced through five steps by 

25 using an expensive starting material. 

[0264] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfomethylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte VII and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfomethylated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VII was measured. 

30 [0265] As a result, it was found that the ion-exchange group equivalent weight of the sulfomethylated poly(1 ,4-bi- 
phenylene ether ether sulfone) solid polymer electrolyte VII was 660 g/equivalent, the same value as the initial value, 
namely, the solid polymer electrolyte VII was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nation 117). 

[0266] On the other hand, as described in Comparative Example 1 , (1), the ion-exchange group equivalent weight 
35 of the inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte II was increased to 1 ,200 g/equivalent 
from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as above, namely, sulfonic 
acid groups were released from the solid polymer electrolyte II. 

[0267] Thus, unlike the inexpensive sulfonated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte 
II, the inexpensive sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VII was stable 
40 like the expensive perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) and was excellent in both cost 
and resistance to hydrolysis (durability). 

(3) Formation of a solid polymer electrolyte membrane 

45 [0268] The sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VII obtained in the 
above item (2) was dissolved in a 1 : 1 mixed solvent of trichloroethane and dichloroethane to a concentration of 5 
wt%. The resulting solution was spread on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to 
form a sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane VII of 42 ^m in 
thickness. The ionic conductance of the obtained solid polymer electrolyte membrane VII was 7 S/cm. 
* 50 [0269] In a Teflon-coated closed container made of SUS, the aforesaid sulfomethylated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte membrane VII and 20 ml of ion-exchanged water were maintained at 120°C 
for 2 weeks. After the maintenance, the ion electric conductivity of the solid polymer electrolyte membrane VII was the 
same as its initial value like that of the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) 
produced at a high cost, and the solid polymer electrolyte membrane VII was firm. 

55 [0270] On the other hand, as described in Comparative Example 1, (2), the relatively inexpensive sulfonated poly 
(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane II was broken to tatters under the same 
conditions of hydrolysis by heating as above. Thus, unlike the inexpensive sulfonated poly(1 ,4-biphenylene ether ether 
sulfone) solid polymer electrolyte membrane II, the inexpensive sulfomethylated poly(1 ,4-biphenylene ether ether sul- 
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tone) solid polymer electrolyte membrane VII was stable like the expensive perftuorocarbon sulfonic acid solid polymer 
electrolyte membrane (Nation 117) and was excellent in both cost and resistance to hydrolysis (durability). 

(4) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

5 

[0271] The same solution as in the above item (3), i.e., a 5 wt% solution of the solid polymer electrolyte VII in the 
trichloroethane-dichloroethane mixed solvent was added to platinum-supporting carbon (content of platinum supported: 
40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum- 
supporting carbon was uniformly dispersed in the solution to prepare a paste (an electrocatalyst-coating solution VII). 

10 [0272] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution VII 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution VII after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 
alent weight of the electrocatalyst-coating solution VII was 660 g/equivalent, the same value as the initial value, namely, 

is the electrocatalyst-coating solution VII was stable like the perfluorocarbon sullonic acid (Nation 117) electrocatalyst- 
coating solution. 

[0273] On the other hand, as described in Comparative Example 1 , (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution II was increased to 1,200 g/equivalent from its initial value of 650 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 
20 [0274] Thus, unlike the electrocatalyst-coating solution II of Comparative Example 1 , the inexpensive electrocatalyst- 
coating solution VII was stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst-coating solution and 
was excellent in both cost and resistance to hydrolysis (durability). 

[0275] The aforesaid electrocatalyst-coating solution VII was applied on both sides of the solid polymer electrolyte 
membrane VII obtained in the above item (3), and was dried to produce a membrane-electrodes assembly VII having 

25 an amount of platinum supported of 0.25 mg/cm 2 . 

[0276] The electrocatalyst-coating solution II described in Comparative Example 1 , (2) was applied on both sides of 
the same solid polymer electrolyte membrane VII as that obtained in the above item (2), and was dried to produce a 
membrane-electrodes assembly VI r having an amount of platinum supported of 0.25 mg/cm 2 . A 5 wt% solution of the 
perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed solvent was added to platinum-sup- 

30 porting carbon (content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer 
electrolyte might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste 
(an electrocatalyst-coating solution). This electrocatalyst-coating solution was applied on both sides of the same solid 
polymer electrolyte membrane VII as that obtained in the above item (3), and was dried to produce a membrane- 
electrodes assembly VII" having an amount of platinum supported of 0.25 mg/cm 2 . 

35 [0277] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VII obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly VII was not different from that before the maintenance like a membrane-electrodes assembly 
produced at a high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) 
and the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117), and its membrane was firm. 

40 [0278] In a Teflon-coated closed container made of SUS, the aforesaid membrane -electrodes assembly VII 1 and 20 
ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. In the membrane-electrodes assembly VII' after the 
maintenance, the electrodes were peeling a little but the membrane was firm. The assembly VII' after the maintenance 
had power-generating capability. 

[0279] In a Teflon-coated closed containermade of SUS, the aforesaid membrane-electrodes assembly VII" obtained 
45 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly VII" 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly VII" after the 
maintenance had power-generating capability. 

[0280] On the other hand, as described in Comparative Example 1 , (3), the membrane of the membrane-electrodes 
assembly II produced by using the relatively inexpensive sulfonated pory(1,4-biphenylene ether ether sulfone) solid 

so polymer electrolyte membrane II and the electrocatalyst-coating solution II was broken to tatters and the electrodes of 
the assembly were peeled, under the same conditions of hydrolysis by heating as above. Thus, unlike the membrane- 
electrodes assembly II of Comparative Example 1, i.e., the assembly of the sulfonated poly(1 ,4-biphenylene ether 
ether sulfone) solid polymer electrolyte membrane and electrodes, the inexpensive assembly VII of the sulfomethylated 
poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane and electrodes was stable like the as- 

55 sembly of the perfluorocarbon sulfonic acid (Nation 117) membrane and electrodes, and was excellent in both cost 
and resistance to hydrolysis (durability). 
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(5) Evaluation of the output capability of single cells for fuel cell 

[0281] The above-mentioned membrane-electrodes assemblies VII, VII 1 and VII" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 

5 corporated into a cell for evaluation. The output capability of the resulting single cell for fuel cell incorporated with the 
membrane-electrodes assembly VII was evaluated. Fig. 9 shows a current density-output voltage plot obtained. The 
output voltage was 0.65 V at a current density of 1 A/cm 2 and 0.74 V at a current density of 300 mA/cm 2 . Thus, the 
single cell for fuel cell incorporated with the membrane-electrodes assembly VII was satisfactorily usable as a single 
cell for solid polymer electrolyte fuel cell. 

10 [0282] The single cells for solid polymer electrolyte fuel cell obtained above were subjected to a long-term operation 
test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 10. 

[0283] In Fig. 10, numerals 37, 38 and 39 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies VII, VII' and VII", respectively, of the solid polymer electrolyte membrane and elec- 
trodes. In Fig. 10, numeral 40 indicates the result of the durability test on a single cell for fuel cell obtained by using 

15 the assembly of the perfluorocarbon sulfonic acid (Mafion 117) solid polymer electrolyte membrane and electrodes. 
[0284] In Fig. 1 0, numeral 37 indicates the change with time of output voltage of the single cell for fuel cell of Example 
1 1 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coatlng solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 38 indicates 

20 the change with time of output voltage of the single cell for fuel cell produced in Example 11 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 39 indicates the change with time of output voltage of the single 
cell for fuel cell produced in Example 11 by using a solid polymer electrolyte membrane of the polyether ether sulfone 

25 having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117). Numeral 40 indicates the change with time of 
output voltage of the single cell for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nation 117). Numeral 41 indicates the change with time of output voltage of a single cell for fuel cell of 
Comparative Example 11 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having 

30 sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 
sulfone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0285] In the case of numerals 37 and 39 in Fig. 1 0, the initial voltage is 0.74 V, and the voltage had the same value 
as the initial value even after 5,000 hours of operation. These results were equal to those obtained by the use of the 
perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 1 1 7) and indicated by numeral 40 in Fig. 1 0. 
35 [0286] On the other hand, the initial voltage of the single cell for fuel cell indicated by numeral 41 in Fig. 10 (the 
single cell for fuel cell of Comparative Example 1 obtained by using the sulfonated poly(1 ,4-biphenylene ether ether 
sulfone) solid polymer electrolyte membrane II) was 0.73 V, and the output of this single cell was zero after 600 hours 
of operation. 

[0287] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
^o polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0288] The single cells for fuel cell obtained by using the membrane-electrodes assemblies VII and VII", respectively, 
are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly VI P. That 
45 j S> the electrocatalyst-coating solution VII is more suitable than the electrocatalyst-coating solution II, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

[0289] The reason why the output voltage of the single cell for fuel cell of Example 1 1 is higher than that of the single 
cell for fuel cell of Comparative Example 1 though the membrane-electrodes assemblies of Example 11 and Compar- 
ative Example 1 have the same amount of platinum supported of 0.25 mg/crn 2 , is that the ion electric conductivity of 
- 50 the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 11 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
used in the membrane-electrodes assembly of Comparative Example 1 . 

(6) Production of a fuel cell 

55 

[0290] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (5) according to the present invention. The fuel cell had an output of 3 kW. 
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Example 12 

(1 ) Synthesis of a bromohexamethylated poly(1 ,4-biphenylene ether ether sulfone) 

5 [0291 ] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 38.8 g of 
a poly(1 ,4-biphenylene ether ether sulfone) [(-C 6 H 4 -4-S02C 6 H4-4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] and 50 ml of dried nitroben- 
zene were placed in the flask. Then, 6.5 g of n-butoxylithium was added thereto and the resulting mixture was main- 
tained at room temperature for 2 hours. Subsequently, 100 g of 1 ,6-dibromohexane was added thereto and stirred for 

10 1 2 hours. The reaction solution was slowly dropped into 1 liter of deionized water to precipitate a bromohexamethylated 
poly(1 ,4-biphenylene ether ether sulfone), which was recovered by filtration. 

[0292] The recovered precipitate was repeatedly subjected to washing with deionized water in a mixer and recovery 
by filtration by suction until the filtrate became neutral. Thereafter, the precipitate thus treated was dried overnight at 
120°C under reduced pressure. 

75 

(2) Synthesis of a sulfohexamethylated poly(1 ,4-biphenylene ether ether sulfone) 

[0293] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 10 g of 
20 the aforesaid bromohexamethylated poly(1 ,4-biphenylene ether ether sulfone), 50 ml of dried nitrobenzene and 30 g 
of sodium sulfate were placed in the flask and stirred at 100°C for 5 hours. Then, 10 ml of ion-exchanged water was 
added thereto and stirred for 5 hours. 

[0294] Subsequently, the reaction solution was slowly dropped into 1 liter of deionized water to precipitate a sulfo- 
hexamethylated poly(1 ,4-biphenylene ether ether sulfone), which was recovered by filtration. The recovered precipitate 

25 was repeatedly subjected to washing with deionized water in a mixer and recovery by filtration by suction until the 
filtrate became neutral. Thereafter, the precipitate thus treated was dried overnight at 120°C under reduced pressure. 
The dried precipitate was subjected to 1 HNMR measurement to find that new peaks due to a 
-CH 2 CH 2 CH 2 CH 2 CH 2 CH2S0 3 H group were present at 1.3 to 3.8 ppm. This fact confirmed the introduction of sulfo- 
hexamethyl groups. The ion-exchange group equivalent weight of the sulfohexamethylated poly(1 ,4-biphenylene ether 

30 ether sulfone) solid polymer electrolyte VIII thus obtained was 670 g/equivalent. 

[0295] Since the sulfohexamethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VIII can 
be produced by the above process through two steps by using the poly(1 ,4-biphenylene ether ether sulfone), an inex- 
pensive commercial engineering plastic, as a starting material, the cost of production thereof is as low as less than 
one-thirtieth that of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 1 1 7) produced through five steps 

35 by using an expensive starting material. 

[0296] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfohexamethylated poly(1 ,4-biphe- 
nylene ether ether sulfone) solid polymer electrolyte VIM and 20 ml of ion-exchanged water were maintained at 1 20°C 
for 2 weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfo- 
hexamethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte VIII was measured. 

40 [0297] As a result, it was found that the ion-exchange group equivalent weight of the sulfohexamethylated poly(1 ,4-bi- 
phenylene ether ether sulfone) solid polymer electrolyte VIII was 670 g/equivalent : the same value as the initial value, 
namely, the solid polymer electrolyte VIII was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nation 117). 

[0298] On the other hand, as described in Comparative Example 1 , (1), the ion-exchange group equivalent weight 
45 of the inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte II was increased to 1 ,200 g/equivalent 
from its initial value of 650 g/equivalent under the same conditions of hydrolysis by heating as above, namely, sulfonic 
acid groups were released from the solid polymer electrolyte II. Thus, unlike the inexpensive sulfonated poly(1 ,4-bi- 
phenylene ether ether sulfone) solid polymer electrolyte II, the inexpensive sulfohexamethylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte VIII was stable like the expensive perfluorocarbon sulfonic acid solid 
. 50 polymer electrolyte (Nation 1 1 7) and was excellent in both cost and resistance to hydrolysis (durability). 

(3) Formation of a solid polymer electrolyte membrane 

[0299] The product obtained in the above item (2) was dissolved in a N,N-dimethylformamide-cyclohexanonemethyl 
55 ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. 

[0300] The resulting solution was spread on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C 
to form a sulfohexamethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane VIII of 
42 ujti in thickness. The ion electric conductivity of the obtained sulfohexamethylated poly(1 ,4-biphenylene ether ether 
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sulfone) solid polymer electrolyte membrane VIII was 35 S/cm. 

[0301] In a Teflon -coated closed container made of SUS, the aforesaid sulfohexamethylated poly(1 ,4-biphenylene 
ether ether sulfone) solid polymer electrolyte membrane VIII obtained and 20 ml of ion-exchanged water were main- 
tained at 1 20°C for 2 weeks. After the maintenance, the ion electric conductivity of the obtained solid polymer electrolyte 
5 membrane VIII was the same as its initial value like that of the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nation 117), and the solid polymer electrolyte membrane VIII was firm. 

[0302] On the other hand, as described in Comparative Example 1 , (2), the relatively inexpensive sulfonated aromatic 
hyd r ocarbon solid polymer electrolyte membrane II was broken to tatters under the same conditions of hydrolysis by 
hewing as above. Thus, unlike the sulfonated aromatic hydrocarbon solid polymer electrolyte membrane II, the inex- 
10 pensive sulfohexamethylated poly(1 ,4-biphenylene ether ether sulfone) solid polymer electrolyte membrane VIII was 
stable like the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Naf ion 11 7) and was excellent in both 
cost and resistance to hydrolysis (durability). 

(4) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

15 

[0303] The same solution as in the above item (3), i.e. : a 5 wt% solution of the solid polymer electrolyte VIII in the 
N,N-dimethylformamide-cyclohexan one-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 

20 catalyst-coating solution VIII). 

[0304] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution VIII 
and 20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution VIII after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 

25 alent weight of the electrocatalyst-coating solution VIII was 670 g/equivalent, the same value as the initial value, namely, 
the electrocatalyst-coating solution VIII was stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst- 
coating solution. 

[0305] On the other hand, as described in Comparative Example 1 , (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution II was increased to 1,200 g/equivalent from its initial value of 650 g/equivalent 
30 under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. Thus, unlike 
the electrocatalyst-coating solution II of Comparative Example 1 , the inexpensive electrocatalyst-coating solution VIII 
was stable like the perfluorocarbon sulfonic acid (Nation 1 1 7) electrocatalyst-coating solution and was excellent in both 
cost and resistance to hydrolysis (durability). 

[0306] The aforesaid electrocatalyst-coating solution VIII was applied on both sides of the solid polymer electrolyte 
35 membrane obtained in the above item (3), and was dried to produce a membrane-electrodes assembly VIII having an 
amount of platinum supported of 0.25 mg/cm 2 . The electrocatalyst-coating solution II described in Comparative Ex- 
ample 1 , (2) was applied on both sides of the same solid polymer electrolyte membrane VIII as that obtained in the 
above item (3), and was dried to produce a membrane-electrodes assembly VIM' having an amount of platinum sup- 
ported of 0.25 mg/cm 2 . 

40 [0307] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 
platinum catalyst to the solid polymer electrolyte might be 2 : 1. The platinum-supporting carbon was uniformly dis- 
persed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane VIII as that obtained in the above item (3) : and 

45 was dried to produce a membrane-electrodes assembly VIM" having an amount of platinum supported of 0.25 mg/cm 2 . 
[0308] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VIII obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly VIII was not different from that before the maintenance like a membrane-electrodes assembly 
produced by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) and the perfluor- 
- so ocarbon sulfonic acid solid polymer electrolyte (Naf ion 117), and its membrane was firm. 

[0309] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VIII' obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly VHP 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly VHP after the 
maintenance had power-generating capability. 

55 [031 0] I n a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly VI II" obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane -electrodes assembly VIII" 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly VIII" after the 
maintenance had power-generating capability. 
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(5) Evaluation of the output capability of single cells for fuel cell 

[0311] The above-mentioned membrane-electrodes assemblies VIII, VIM' and VII!" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
5 corporated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. 
[0312] Fig. 11 shows a current density- voltage plot obtained for a single cell for fuel cell produced by using the 
membrane-electrodes assembly VIII. The output voltage was 0.69 V at a current density of 1 A/cm 2 and 0.83 V at a 
current density of 300 mA/cm 2 . Thus, said single cell was satisfactorily usable as a single cell for solid polymer elec- 
trolyte fuel cell. 

w [0313] The single cells for solid polymer electrolyte fuel cell obtained above were subjected to a long-term operation 
test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 12. 

[0314] In Fig. 12, numerals 42, 43 and 44 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies VIII, VIII 1 and VIII", respectively, of the solid polymer electrolyte membrane and 
electrodes. In Fig. 1 2, numeral 45 indicates the result of the durability test on a single cell forfuel cell obtained by using 

15. the assembly of the perfluorocarbon sulfonic acid (Nation 117) solid polymer electrolyte membrane and electrodes. 
[031 5] I n Fig. 1 2, numeral 42 indicates the change with time of output voltage of the single cell for fuel cell of Example 
12 produced by using a solid polymer electrolyte membrane of a polyether ether suifone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether suifone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 43 indicates 

20 the change with time of output voltage of the single cell for fuel cell produced in Example 1 2 by using a solid polymer 
electrolyte membrane of the polyether ether suifone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether suifone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 44 indicates the change with time of output voltage of the single 
cell for fuel cell produced in Example 1 2 by using a solid polymer electrolyte membrane of the polyether ether suifone 

25 having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117). Numeral 45 indicates the change with time of 
output voltage of the single cell forfuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nafion 117). Numeral 46 indicates the change with time of output voltage of a single cell forfuel cell of 
Comparative Example 12 produced by using a solid polymer electrolyte membrane of a polyether ether suifone having 

30 sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 
suifone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0316] As can be seen from the results indicated by numerals 42 and 44 in Fig. 12, the initial voltage of the single 
cells obtained by using the assemblies VIII and VIII", respectively, of the solid polymer electrolyte membrane of the 
present invention and electrodes was 0.83 V, and the single cells had the same voltage as the initial voltage even after 
35 5,000 hours of operation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid 
solid polymer electrolyte membrane (Nafion 117) and indicated by numeral 45 in Fig. 12. 

[0317] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 46 in Fig. 12 
(the single cell for fuel cell of Comparative Example 1 obtained by using the sulfonated aromatic hydrocarbon solid 
polymer electrolyte membrane) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 
40 [0318] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0319] Thesingle cells forfuel cell obtained by using the membrane-electrodes assemblies VIII and VIM", respectively, 
45 are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly Vlll'. That 
is, the electrocatalyst-coating solution Vlll is more suitable than the electrocatalyst-coating solution II, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

[0320] The reason why the output voltage of the single cell forfuel cell of Example 12 is higher than that of the single 
cell forfuel cell of Comparative Example 1 though the membrane-electrodes assemblies of Example 12 and Compar- 
so ative Example 1 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 12 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
used in the membrane-electrodes assembly of Comparative Example 1 . 

[0321 ] As can be seen from the items (1 ) and (2) in Examples 1 1 , 9, 1 0 and 1 2, the values of the ion-exchange group 
55 equivalent weight (g/equivalent) of the sulfoalkylated poly(1 ,4-biphenylene ether ether suifone) solid electrolytes of the 
above formula [3] in which the values of n (the number of carbon atoms of the alkylene group) are 1,3,4 and 6 are 
660, 680, 670 and 670, respectively, which are substantially the same. The values of ionic conductance (S/cm) of the 
solid polymer electrolyte membranes obtained by using these solid electrolytes are 7, 15, 25 and 35, respectively. That 
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is, with an increase of the value of n in the sulfoalkyiated aromatic hydrocarbon solid electrolytes, the ionic conductance 
and the proton transportability increase, so that an excellent solid polymer electrolyte fuel cell can be obtained. 
[0322] On the other hand, from the viewpoint of cost, the sulfopropylated poly(1 ,4-biphenylene ether ether sulfone) 
solid electrolyte and the sulfobutylated poly(1 ,4-biphenylene ether ether sulfone) solid electrolyte, which can be syn- 
5 thesized by a one-stage reaction with a sultone, are more advantageous than the sulfohexamethylated poly(1 ,4-bi- 
phenylene ether ether sulfone) solid electrolyte and the sulfomethylated poly(1 ,4-biphenylene ether ether sulfone) solid 
electrolyte, which are synthesized by a two-stage reaction. The value of n is preferably 3 or 4 for reconciling the ionic 
conductance and the cost. 

10 (6) Production of a fuel cell 

[0323] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (5) according to the present invention. The fuel cell had an output of 3 kW. 

15 Example 13 

(1) Synthesis of a sulfopropylated poly(1 ,4-phenylene ether ether sulfone) 

[0324] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
20 a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 4.84 g (0.0155 
mol) of a poly(1 ,4-phenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-0-) n ] dried by its maintenance at 
110°C for 10 hours and 1 50 ml of dehydrated chloroform were placed in the flask and maintained at 60° C for about 1 
hour to effect dissolution. To the resulting solution was added 5.67 g (0.0464 mol) of propanesultone. 
[0325] Subsequently, 6.19 g (0.0464 mol) of anhydrous aluminum chloride thoroughly ground in a mortar was added 
25 thereto with stirring over a period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, 
the resulting mixture was refluxed with stirring at 60°C for 30 hours. The polymer precipitated was filtered, washed 
with 1 50 ml of chloroform and then dried under reduced pressure. The dried polymer was suspended in 250 ml of water 
and finely ground in a mixer, and the resulting finely ground substance was filtered. This procedure was repeated four 
times. After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 90°C 
30 under reduced pressure. 

[0326] The dried substance was subjected to ^NMR measurement to find that new peaks due to a 
-CH 2 CH 2 CH 2 S03H group were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of sulfopropyl 
groups. 

[0327] The sulfonic acid equivalent weight of the sulfopropylated poly(1 ,4-phenylene ether ether sulfone) solid pol- 

35 ymer electrolyte IX thus obtained was 670 g/equivalent. 

[0328] Since the sulfopropylated poly(1,4-phenylene ether ether sulfone) solid polymer electrolyte IX can be pro- 
duced through one step by using the poly(1,4-phenylene ether ether sulfone), a relatively inexpensive commercial 
engineering plastic, as a starting material, the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 1 1 7) produced through five steps by using an expensive 

40 starting material. 

[0329] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfopropylated poly(1 ,4-phenylene 
ether ether sulfone) solid polymer electrolyte IX and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfopropylated 
poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte IX was measured. 
45 [0330] As a result, it was found that the ion-exchange group equivalent weight of the sulfopropylated poly(1 ,4-phe- 
nylene ether ether sulfone) solid polymer electrolyte IX was 670 g/equivalent, the same value as the initial value, 
namely, the solid polymer electrolyte IX was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nation 117). 

[0331] On the other hand, as described hereinafter in Comparative Example 2, (1 ), the ion-exchange group equivalent 
. 50 weight of an inexpensive sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X was increased 
to 1 ,250 g/equivalent from its initial value of 660 g/equivalent under the same conditions of hydrolysis by heating as 
above, namely, sulfonic acid groups were released from the solid polymer electrolyte X. Thus, unlike the sulfonated 
poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X described hereinafter in Comparative Example 2, 
the inexpensive sulfopropylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte IX was stable like 
55 the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) and was excellent in both cost and resistance 
to hydrolysis (durability). 
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(2) Formation of a solid polymer electrolyte membrane 

[0332] The product obtained in the above item (1 ) was dissolved in a N,N-dimethylfoiTnamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%: The resulting solution was spread 
5 on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane 
IX of 25 |im in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane IX was 15 
S/cm. 

[0333] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane IX ob- 
tained and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the ion electric 
10 conductivity of the solid polymer electrolyte membrane IX obtained was the same as its initial value like that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 1 1 7), and the solid polymer electrolyte mem- 
brane IX was firm. 

[0334] On the other hand, as described hereinafter in Comparative Example 2, (2), the relatively inexpensive sul- 
fonated aromatic hydrocarbon solid polymer electrolyte membrane X was broken to tatters under the same conditions 
15 of hydrolysis by heating as above. Thus, unlike the sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer 
electrolyte membrane X described hereinafter in Comparative Example 2, (2), the inexpensive sulfopropylated poly 
(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane IX was stable like the perfluorocarbon sulfonic 
acid solid polymer electrolyte membrane (Nation 117) and was excellent in both cost and resistance to hydrolysis 
(durability) . 

20 

(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0335] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte IX in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
25 (content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution IX). 

[0336] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution IX 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
30 and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution IX after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 
alent weight of the electrocatalyst-coating solution IX was 670 g/equivalent, the same value as the initial value, namely, 
the electrocatalyst-coating solution IX was stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst- 
coating solution. 

35 [0337] On the other hand, as described hereinafter in Comparative Example 2, (2), the ion-exchangegroup equivalent 
weight of the electrocatalyst-coating solution X was increased to 1 ,250 g/equivalent from its initial value of 660 g/ 
equivalent under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 
Thus, unlike the electrocatalyst-coating solution X described hereinafter in Comparative Example 2, (2), the inexpensive 
electrocatalyst-coating solution IX was stable like the perfluorocarbon sulfonic acid (Nation 1 1 7) electrocatalyst-coating 

40 solution and was excellent in both cost and resistance to hydrolysis (durability). 

[0338] The aforesaid electrocatalyst-coating solution IX was applied on both sides of the solid polymer electrolyte 
membrane IX obtained in the above item (2), and was dried to produce a membrane-electrodes assembly IX having 
an amount of platinum supported of 0.25 mg/cm 2 

[0339] The electrocatalyst-coating solution X described hereinafter in Comparative Example 2, (2) was applied on 
45 both sides of the same solid polymer electrolyte membrane IX as that obtained in the above item (2), and was dried 
to produce a membrane-electrodes assembly IX 1 having an amount of platinum supported of 0.25 mg/cm 2 . 
[0340] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 
platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was uniformly dis- 
„ so persed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane IX as that obtained in the above item (2), and 
was dried to produce a membrane-electrodes assembly IX" having an amount of platinum supported of 0.25 mg/cm 2 . 
[0341 ] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly IX obtained 
and 20 ml of ton-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
55 electrodes assembly IX was not different from that before the maintenance like a membrane-electrodes assembly 
produced by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 1 1 7) and the perfluor- 
ocarbon sulfonic acid solid polymer electrolyte (Nation 117), and its membrane was firm. 

[0342] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly IX' obtained 



37 

BNSDOCID: <EP 1 296396A2_I_> 



EP 1 296 398 A2 



and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly IX* 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly IX' after the 
maintenance had power-generating capability. 

[0343] In a Teflon-coated closed container made of SUS, the aforesaid membrane- .ectrodes assembly IX" obtained 
5 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly IX" 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly IX" after the 
maintenance had power-generating capability. 

[0344] On the other hand, as described hereinafter in Comparative Example 2, (3) : the membrane of a membrane- 
electrodes assembly X produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer 
10 electrolyte membrane X and the electrocatalyst-coating solution X was broken to tatters and the electrodes of the 
assembly were peeled, under the same conditions of hydrolysis by heating as above. 

[0345] Thus, unlike the inexpensive membrane-electrodes assembly X described hereinafter in Comparative Exam- 
ple 2, (3), i.e., the assembly of the sulfonated aromatic hydrocarbon solid polymer electrolyte membrane and electrodes, 
the inexpensive assembly IX of the sulfopropylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte 
15 membrane and electrodes was stable like the assembly of the perfluorocarbon sulfonic acid (Nation 117) membrane 
and electrodes, and was excellent in both cost and resistance to hydrolysis (durability). 

(4) Durability test on single cells for fuel cell 

20 [0346] The above-mentioned membrane-electrodes assemblies IX, IX' and IX" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
corporated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. 
[0347] In detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a 
packing material (a supporting current collector) 5 of thin carbon paper to each of the electrodes of each membrane- 

25 electrodes assembly 4 obtained in Example 13 and composed of a solid polymer electrolyte membrane 1 , an oxygen 
electrode 2 and a hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of 
serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
surface of each packing material. The single cells for fuel cells thus obtained were subjected to a long-term deterioration 
test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 13. 

30 [0348] In Fig. 13, numerals 47, 48 and 49 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies IX, IX* and IX", respectively, of the solid polymer electrolyte membrane and electrodes. 
[0349] In Fig. 1 3, numeral 50 indicates the result of the durability test on a single cell for fuel cell obtained by using 
the assembly of the perfluorocarbon sulfonic acid (Nafion 117) solid polymer electrolyte membrane and electrodes. 
[0350] In Fig. 13, numeral 47 indicates the change with time of output voltage of the single cell for fuel cell of Example 

35 13 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 48 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 1 3 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 

40 groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymr electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 49 indicates the change with time of output voltage of the single 
cell for fuel cell produced in Example 13 by using a solid polymer electrolyte membrane of the polyether ether sulfone 
having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117). Numeral 50 indicates the change with time of 

45 output voltage of the single cell for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nafion 117). Numeral 51 indicates the change with time of output voltage of a single cell for fuel cell of 
Comparative Example 1 3 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having 
sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 
sulfone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 
* 50 [0351] As can be seen from the results indicated by numerals 47 and 49 in Fig. 13, the initial voltage of the single 
cells obtained by using the assemblies IX and IX", respectively, of the solid polymer electrolyte membrane of the present 
invention and electrodes was 0.79 V, and the single cells had the same voltage as the initial voltage even after 5,000 
hours of operation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid solid 
polymer electrolyte membrane (Nafion 117) and indicated by numeral 50 in Fig. 13. 

55 [0352] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 51 in Fig. 13 
(the single cell for fuel cell obtained by using the sulfonated aromatic hydrocarbon solid polymer electrolyte X which 
is described hereinafter in Comparative Example 2) was 0.73 V, and the output of this single cell was zero after 600 
hours of operation. 
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[0353] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 
5 [0354] The single cells for fuel cell obtained by using the membrane-electrodes assemblies IX and IX", respectively, 
are superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly IX*. That 
is, the etectrocatalyst-coating solution IX is more suitable than the electrocatalyst-coating solution X, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

[0355] The reason why the output voltage of the single cell for fuel cell of Example 13 is higher than that of the single 
10 cell for fuel cell of Comparative Example 2 though the membrane-electrodes assemblies of Example 1 3 and Compar- 
ative Example 2 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 13 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
used in the membrane-electrodes assembly of Comparative Example 2. 

15 

(5) Production of a fuel cell 

[0356] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

20 

Comparative Example 2 

(1) Synthesis of a sulfonated poly(1 ,4-phenylene ether ether sulfone) 

25 [0357] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 3.22 g (0.01 03 
mol) of a poly(1 ,4-phenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-0-) n ] dried by its maintenance at 
110°C for 10 hours and 100 ml of chloroform were placed in the flask and maintained at 60°C for about 1 hour to effect 
dissolution. 

30 [0358] To the resulting solution was added a solution of 1 . 1 65 g (0.01 mol) of chlorosulf onic acid in 50 ml of 1 , 1 ,2,2-tet- 
rachloroethane over a period of about 1 0 minutes. The resulting mixture was stirred at 60°C for 4 hours. The precipitate 
was filtered and then washed with 150 ml of chloroform. The washed precipitate was dissolved in 250 ml of methanol 
at 60°C. The resulting solution was dried at 60°C under reduced pressure. The polymerthus obtained was finely ground 
in a mixer together with 250 ml of water, and the resulting mixture was filtered. This procedure was repeated three times. 

35 [0359] The water-insoluble fine powder thus obtained was dried over phosphorus pentaoxide at 90°C under reduced 
pressure. This fine powder was insoluble in water and soluble in methanol. 

[0360] The dried fine powder was subjected to 1 HNMR measurement to find that absorptions at 7.3 to 8.0 ppm due 
to the hydrogen atoms of the phenyl groups in the starting poly(1 ,4-phenylene ether ether sulfone) had been decreased, 
and that a new absorption due to the hydrogen atom of a phenyl group adjacent to a S0 3 H group was present at 8.3 

40 ppm. This fact confirmed the introduction of sulfonic acid groups. The sulfonic acid equivalent weight of the sulfonated 
poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X thus obtained was 660 g/equivalent. 
[0361 ] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid sulfonated poiy(1 ,4-phenylene ether 
ether sulfone) solid polymer electrolyte X obtained and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfonated 

45 poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X was measured. As a result, it was found that the 
sulfonic acid equivalent weight of the sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X 
had been increased to 1 ,250 g/equivalent from its initial value of 660 g/equivalent, namely, sulfonic acid groups had 
been released. 

so (2) Formation of a solid polymer electrolyte membrane 

[0362] The sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X obtained in the above item 
(1) was dissolved in a N,N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent (volume ratio; 20 : 
80 : 25) to a concentration of 5 wt%. The resulting solution was spread on a glass plate by spin coating, air-dried and 
55 then dried in vacuo at 80°C to form a solid polymer electrolyte membrane X of 45 \im in thickness. The ion electric 
conductivity of the obtained solid polymer electrolyte membrane X was 8 S/cm. 

[0363] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane X ob- 
tained and 20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. As a result, the solid polymer electrolyte 
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(3) Production of an electrocatalyst-coating solution and a membrane-electrode assembly 

5 [0364] The same solution as in the above item (2), i.e., a 5 wt% solution of tr. solid polymer electrolyte X in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution X). 

io [0365] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution X 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution X after the maintenance was measured. As a result, it was found that the ion-exchange group equivalent 
weight of the electrocatalyst-coating solution X had been increased to 1 ,250 g/equivalent from its initial value of 660 

15 g/equivalent, namely, sulfonic acid groups had been released. 

[0366] The aforesaid electrocatalyst-coating solution X was applied on both sides of the solid polymer electrolyte 
membrane X obtained in the above item (2), and was dried to produce a membrane-electrodes assembly X having an 
amount of platinum supported of 0.25 mg/cm 2 . 

[0367] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly X obtained 
20 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. As a result, the membrane of the membrane- 
electrodes assembly X was broken to tatters and its electrodes were peeled. 

(4) Durability test on a single cell for fuel cell 

25 [0368] A single cell for solid polymer electrolyte fuel cell was produced by adhering a packing material (a supporting 
current collector) of thin carbon paper to each side of the membrane-electrodes assembly X of Comparative Example 
2, and providing an electroconductive separator (a bipolar plate) capable of serving as a separator between electrode 
chambers and passageways for gas supply to the electrodes, on the outer surface of each packing material. The single 
cell was subjected to a long-term operation test at a current density of 300 mA/cm 2 . As a result, it was found that as 

30 indicated by numeral 51 in Fig. 13, the initial output voltage of the single cell was 0.73 V and that the output voltage 
of the single cell was zero after 600 hours of operation. 

Example 14 

35 (1 ) Synthesis of a sulfobutylated poly(1 ,4-phenylene ether ether sulfone) 

[0369] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 4.84 g (0.01 55 
mol) of a poly(1 ,4-pheny!ene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-0-) n ] dried by its maintenance at 
40 1 1 o°C for 1 0 hours and 1 50 ml of dehydrated chloroform were placed in the flask and maintained at 60°C for about 1 
hour to effect dissolution. To the resulting solution was added 6.26 g (0.0464 mol) of butanesultone. Subsequently, 
6.19 g (0.0464 mol) of anhydrous aluminum chloride thoroughly ground in a mortar was added thereto with stirring 
over a period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, the resulting 
mixture was refluxed with stirring at 60°C for 30 hours. The polymer precipitated was filtered, washed with 150 ml of 
chloroform and then dried under reduced pressure. The dried polymer was suspended in 250 ml of water and finely 
ground in a mixer, and the resulting finely ground substance was filtered. This procedure was repeated four times. 
After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 90°C under 
reduced pressure. 

[0370] The dried substance was subjected to 1 HNMR measurement to find that new peaks due to a 
so -CH2CH2CH2CH2SO3H group were present at 1 .3 to 3.8 ppm. This fact confirmed the introduction of sulfobutyl groups. 
The sulfonic acid equivalent weight of the sulfobutylated poly(1,4-phenylene ether ether sulfone) solid polymer elec- 
trolyte XI thus obtained was 650 g/equivalent. 

[0371 ] Since the sulfobutylated poly( 1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XI can be produced 
through one step by using the poly(1 ,4-phenylene ether ether sulfone), a relatively inexpensive commercial engineering 
55 plastic, as a starting material, the cost of production thereof is as low as less than one-fiftieth that of the perfluorocarbon 
sulfonic acid solid polymer electrolyte (Nation 117) produced through five steps by using an expensive starting material. 
[0372] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfobutylated poly(1 ,4-phenylene 
ether ether sulfone) solid polymer electrolyte XI and 20 ml of ion-exchanged water were maintained at 120°C for 2 
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weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfobutylated 
poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XI was measured. 

[0373] As a result, it was found that the ion-exchange group equivalent weight of the sulfobutylated poly(1 ,4-phe- 
nylene ether ether sulfone) solid polymer electrolyte XI was 650 g/equivalent, the same value as the initial value, 
5 namely, the solid polymer electrolyte X! was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nafion 117). 

[0374] On the other hand, as described in Comparative Example 2, (1), the ion-exchange group equivalent weight 
of the inexpensive sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X was increased to 
1,250 g/equivalent from its initial value of 660 g/equivalent under the same conditions of hydrolysis by heating as 
10 above, namely, sulfonic acid groups were released from the solid polymer electrolyte X. 

[0375] Thus, unlike the inexpensive sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X 
described in Comparative Example 2, (1), the inexpensive sulfobutylated poly(1 ,4-phenylene ether ether sulfone) solid 
polymer electrolyte XI was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) and was 
excellent in both cost and resistance to hydrolysis (durability). 

15 

(2) Formation of a solid polymer electrolyte membrane 

[0376] The product obtained in the above item (1 ) was dissolved in a N,N-dimethylformamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
20 on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane 
XI of 25 u,m in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane XI was 25 
S/cm. 

[0377] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane XI ob- 
tained and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the ion electric 
25 conductivity of the obtained solid polymer electrolyte membrane XI was the same as its initial value like that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117), and the solid polymer electrolyte mem- 
brane XI was firm. 

[0378] On the other hand, the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte mem- 
brane X of Comparative Example 2 was broken to tatters under the same conditions of hydrolysis by heating as above. 
30 Thus, unlike the sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane X of Compar- 
ative Example 2, the inexpensive sulfobutylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte mem- 
brane XI was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117) and was 
excellent in both cost and resistance to hydrolysis (durability). 

35 (3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0379] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte XI in the N, 
N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
40 might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution XI). 

[0380] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution XI 
and 20 ml of ion-exchanged water were maintained at 120°C lor 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
45 coating solution XI after maintenance was measured. As a result, it was found that the ion-exchange group equivalent 
weight of the electrocatalyst-coating solution XI was 650 g/equivalent the same value as the initial value, namely, the 
electrocatalyst-coating solution XI was stable like the perfluorocarbon sulfonic acid (Nafion 1 1 7) electrocatalyst-coating 
solution. 

[0381] On the other hand, as described in Comparative Example 2, (2), the ion-exchange group equivalent weight 
„ 50 of the electrocatalyst-coating solution X was increased to 1 ,250 g/equivalent from its initial value of 660 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. Thus, unlike 
the electrocatalyst-coating solution X of Comparative Example 2, the inexpensive electrocatalyst-coating solution XI 
was stable like the perfluorocarbon sulfonic acid (Nafion 1 1 7) electrocatalyst-coating solution and was excellent in both 
cost and resistance to hydrolysis (durability). 
55 [0382] The aforesaid electrocatalyst-coating solution XI was applied on both sides of the solid polymer electrolyte 
membrane XI obtained in the above item (2), and was dried to produce a membrane-electrodes assembly XI having 
an amount of platinum supported of 0.25 mg/cm 2 . 

[0383] The electrocatalyst-coating solution X of Comparative Example 2 was applied on both sides of the same solid 



41 



BNSDOCID: <EP 1 296398A2_I_> 



EP 1 296 398 A2 



polymer electrolyte membrane XI as that obtained in the above item (2), and was dried to produce a membrane- 
electrodes assembly XI' having an amount of platinum supported of 0.25 mg/cm 2 . 

[0384] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 

5 platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was uniformly dis- 
persed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane XI as that obtained in the above item (2), and 
was dried to produce a membrane-electrodes assembly XI" having an amount of platinum supported of 0.25 mg/cm 2 . 
[0385] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XI obtained 

10 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly XI was not different from that before the maintenance like a membrane-electrodes assembly 
produced by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 1 1 7) and the perfluor- 
ocarbon sulfonic acid solid polymer electrolyte (Nafion 117), and its membrane was firm. 

[0386] In a Teflon-coated closed container made of SUS, the aforesaid membrane -electrodes assembly XI' obtained 
15 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XI' 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XI' after the 
maintenance had power-generating capability. 

[0387] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XI" obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XI" 
20 after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XI" after the 
maintenance had power-generating capability. 

[0388] On the other hand, as described in Comparative Example 2, (3), the membrane of the membrane-electrodes 
assembly X produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte 
membrane X and the electrocatalyst-coating solution X was broken to tatters and the electrodes of the assembly were 
25 peeled, under the same conditions of hydrolysis by heating as above. Thus, unlike the membrane-electrodes assembly 
X of Comparative Example 2, i.e., the assembly of the sulfonated aromatic hydrocarbon solid polymer electrolyte mem- 
brane and electrodes, the inexpensive assembly XI of the sulfobutylated poly(1 ,4-phenylene ether ether sulfone) solid 
polymer electrolyte membrane and electrodes was stable like the assembly of the perfluorocarbon sulfonic acid (Nafion 
117) membrane and electrodes, and was excellent in both cost and resistance to hydrolysis (durability). 

30 

(4) Durability test on single cells for fuel cell 

[0389] The above-mentioned membrane-electrodes assemblies XI, XI' and XI" were allowed to absorb water by 
immersion in boiling detonized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 

35 corporated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. 
[0390] In detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a 
packing material (a supporting current collector) 5 of thin carbon paper to each of the electrodes of each membrane- 
electrodes assembly 4 obtained in Example 14 and composed of a solid polymer electrolyte membrane 1 , an oxygen 
electrode 2 and a hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of 

40 serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
surface of each packing material. The single cells for fuel cells thus obtained were subjected to a long-term deterioration 
test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 14. 

[0391] In Fig. 14, numerals 52, 53 and 54 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies XI, XI' and XI", respectively, of the solid polymer electrolyte membrane and electrodes. 

45 [0392] In Fig. 14, numeral 55 indicates the result of the durability test on a single cell for fuel cell obtained by using 
the assembly of the perfluorocarbon sulfonic acid (Nafion 117) solid polymer electrolyte membrane and electrodes. 
[0393] In Fig. 1 4, numeral 52 indicates the change with time of output voltage of the single cell for fuel cell of Example 
14 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 

■?Q solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 53 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 14 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 54 indicates the change with time of output voltage of the single 

55 cell for fuel cell produced in Example 14 by using a solid polymer electrolyte membrane of the polyether ether sulfone 
having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117). Numeral 55 indicates the change with time of 
output voltage of the single cell for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
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membrane (Nation 117). Numeral 56 indicates the change with time of output voltage of a single cell for fuel cell of 
Comparative Example 14 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having 
sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 
sulfone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

5 [0394] As can be seen from the results indicated by numerals 52 and 54 in Fig. 14, the initial voltage of the single 
cells obtained by using the assemblies XI and XI", respectively, of the solid polymer electrolyte membrane of the present 
invention and electrodes was 0.79 V, and the single cells had the same voltage as the initial voltage even after 5,000 
hours of operation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid solid 
polymer electrolyte membrane (Nation 117) and indicated by numeral 55 in Fig. 14. 

10 [0395] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 56 in Fig. 14 
(the single cell for fuel cell of Comparative Example 2 obtained by using the sulfonated aromatic hydrocarbon solid 
polymer electrolyte X) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 
[0396] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 

15 through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0397] The single cell for fuel cell obtained by using the membrane-electrodes assembly XI of the present invention 
is superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly XI'. That 
is, the electrocatalyst-coating solution XI is more suitable than the electrocatalyst-coating solution X, for coating an 

20 electrocatalyst for a membrane-electrodes assembly. 

[0398] The reason why the output voltage of the single cell for fuel cell of Example 14 is higher than that of the single 
cell for fuel cell of Comparative Example 2 though the membrane-electrodes assemblies of Example 14 and Compar- 
ative Example 2 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 

25 bly of Example 14 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
used in the membrane-electrodes assembly of Comparative Example 2. 

(5) Production of a fuel cell 

30 [0399] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

Example 15 

35 (1 ) Synthesis of a chloromethylated poly(1 ,4-phenylene ether ether sulfone) 

[0400] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 36.1 g of 
a poly(1 ,4-phenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-0-) n ], 60 g (2 mols) of paraformaldehyde 
40 and 50 ml of dried nitrobenzene were placed in the flask. Then, 73 g of hydrogen chloride gas was bubbled thereinto 
with stirring while maintaining the temperature at 100°C. After completion of the bubbling, the resulting mixture was 
maintained at 1 50°C for 4 hours. 

[0401] Subsequently, the reaction solution was slowly dropped into 1 liter of deionized water to precipitate a chlo- 
romethylated poly(1 4-phenylene ether ether sulfone), which was recovered by filtration. The recovered precipitate 
45 was repeatedly subjected to washing with deionlzed water in a mixer and recovery by filtration by suction until the 
filtrate became neutral. Thereafter, the precipitate thus treated was dried overnight at 80°C under reduced pressure. 

(2) Synthesis of a sulfomethylated poly(1 ,4-phenylene ether ether sulfone) 

„ so [0402] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 1 0 g of 
the aforesaid chloromethylated poly(1 ,4-phenylene ether ether sulfone), 50 ml of dried nitrobenzene and 30 g of sodium 
sulfate were placed in the flask and stirred at 1 00°C for 5 hours. Then , 1 0 ml of ion-exchanged water was added thereto 
and stirred for 5 hours. 

55 [0403] Subsequently, the reaction solution was slowly dropped into 1 liter of deionized water to precipitate a sulfo- 
methylated poly(1 ,4-phenylene ether ether sulfone) XII, which was recovered by filtration. The recovered precipitate 
was repeatedly subjected to washing with deionized water in a mixer and recovery by filtration by suction until the 
filtrate became neutral. Thereafter, the precipitate thus treated was dried overnight at 1 20°C under reduced pressure. 
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[0404] The dried precipitate was subjected to 1 HNMR measurement to find that a new peak due to a -CH 2 S0 3 H 
group was present at 2.2 ppm. The ion-exchange group equivalent weight of the sulfomethylated poly(1 ,4-phenylene 
ether ether sulfone) solid polymer electrolyte XII thus obtained was 650 g/equivalent. 

[0405] Since the sulfomethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XII can be pro- 
duced by the above process through two steps by using the poly(1 ,4-phenylene ether ether sulfone), an inexpensive 
commercial engineering plastic, as a starting material, the cost of production thereof is as very low as less than one- 
thirtieth that of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) produced through five steps. 
[0406] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfomethylated poly(1 ,4-phenylene 
ether ether sulfone) solid polymer electrolyte XII and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfomethylated 
poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XII was measured. 

[0407] As a result, it was found that the ion-exchange group equivalent weight of the sulfomethylated poly(1 ,4-phe- 
nylene ether ether sulfone) solid polymer electrolyte XII was 650 g/equivalent, the same value as the initial value, 
namely, the solid polymer electrolyte XII was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nation 117). 

[0408] On the other hand, as described in Comparative Example 2, (1), the ion-exchange group equivalent weight 
of the inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte X was increased to 1 ,250 g/equivalent 
from its initial value of 660 g/equivalent under the same conditions of hydrolysis by heating as above, namely, sulfonic 
acid groups were released from the solid polymer electrolyte X. Thus, unlike the sulfonated poly(1 ,4-phenylene ether 
ether sulfone) solid polymer electrolyte X, the inexpensive sulfomethylated poly(1 ,4-phenylene ether ether sulfone) 
solid polymer electrolyte XII was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) 
and was excellent in both cost and resistance to hydrolysis (durability). 

(3) Formation of a solid polymer electrolyte membrane . 

[0409] The sulfomethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XII obtained in the 
above item (2) was dissolved in a 1 : 1 mixed solvent of trichloroethane and dichloroethane to a concentration of 5 
wt%. The resulting solution was spread on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to 
form a sulfomethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane XI! of 42 urn in 
thickness. The ionic conductance of the obtained solid polymer electrolyte membrane XII was 5 S/cm. 
[0410] In a Teflon-coated closed container made of SUS. the aforesaid sulfomethylated poly(1 ,4-phenylene ether 
ether sulfone) solid polymer electrolyte membrane XII and 20 ml of ion-exchanged water were maintained at 120°C 
for 2 weeks. After the maintenance, the ion electric conductivity of the solid polymer electrolyte membrane XII was the 
same as its initial value like that of the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117), 
and the solid polymer electrolyte membrane XII was firm. 

[0411] On the other hand, as described in Comparative Example 2, (2), the relatively inexpensive sulfonated poly 
(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane X was broken to tatters under the same con- 
ditions of hydrolysis by heating as above. Thus, unlike the inexpensive sulfonated poly (1 ,4-phenylene ether ether 
sulfone) solid polymer electrolyte membrane X, the inexpensive sulfomethylated poly(1,4-phenylene ether ether sul- 
fone) solid polymer electrolyte membrane XII was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nation 117) and was excellent in both cost and resistance to hydrolysis (durability). 

(4) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0412] The same solution as in the above item (3), i.e., a 5 wt% solution of the solid polymer electrolyte XII in the 
trichloroethane-dichloroethanemixed solvent was added to platinum-supporting carbon (content of platinum supported: 
40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte might be 2 : 1. The platinum- 
supporting carbon was uniformly dispersed in the solution to prepare a paste (an electrocatalyst-coating solution XII). 
[0413] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution XII 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution XII after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 
alent weight of the electrocatalyst-coating solution XII was 650 g/equivalent, the same value as the initial value, namely, 
the electrocatalyst-coating solution XII was stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst- 
coating solution. 

[0414] On the other hand, as described in Comparative Example 2, (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution X was increased to 1 ,250 g/equivalent from its initial value of 660 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. Thus, unlike 
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the inexpensive electrocatalyst-coating solution X described in Comparative Example 2, (2), the inexpensive electro- 
catalyst-coating solution XII was stable'tike the perfluorocarbon sulfonic acid (Nafion 117) electrocatalyst-coating so- 
lution and was excellent in both cost and resistance to hydrolysis (durability). 

[0415] The aforesaid electrocatalyst-coating solution XII was applied on both sides of the solid polymer electrolyte 
5 membrane XII obtained in the above item (3), and was dried to produce a membrane- electrodes assembly XII having 
an amount of platinum supported of 0.25 mg/cm 2 . 

[0416] The electrocatalyst-coating solution X described in Comparative Example 2, (2) was applied on both sides of 
the same solid polymer electrolyte membrane XII as that obtained in the above item (3), and was dried to produce a 
membrane-electrodes assembly XII' having an amount of platinum supported of 0.25. mg/cm 2 . 

10 [0417] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) in an alcohol- 
water mixed solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the 
weight ratio of platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was 
uniformly dispersed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating 
solution was applied on both sides of the same solid polymer electrolyte membrane XII as that obtained in the above 

15 item (3), and was dried to produce a membrane-electrodes assembly XM" having an amount of platinum supported of 
0.25 mg/cm 2 . 

[0418] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XII obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly XII was not different from that before the maintenance like a membrane-electrodes assembly 
20 produced by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117) and the perfluor- 
ocarbon sulfonic acid solid polymer electrolyte (Nafion 117), and its membrane was firm. 

[0419] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XIP obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XII' 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XII' after the 

25 maintenance had power-generating capability. 

[0420] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XII" obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XII" 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XII" after the 
maintenance had power-generating capability. 

30 [0421] On the other hand, as described in Comparative Example 2, (3), the membrane of the membrane-electrodes 
assembly X produced by using the relatively inexpensive sulfonated poly(1 ,4-phenylene ether ether sulfone) solid 
polymer electrolyte membrane X and the electrocatalyst-coating solution X was broken to tatters and the electrodes 
of the assembly were peeled, under the same conditions of hydrolysis by heating as above. 
[0422] Thus, unlike the membrane-electrodes assembly X of Comparative Example 2 : i.e., the assembly of the sul- 

35 fonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane and electrodes, the inexpensive 
assembly XII of the sulfomethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane and 
electrodes was stable like the assembly of the perfluorocarbon sulfonic acid (Nafion 117) membrane and electrodes, 
and was excellent in both cost and resistance to hydrolysis (durability). 

40 (5) Durability test on single cells for fuel cell 

[0423] The above-mentioned membrane-electrodes assemblies XII, XII' and XII" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
corporated into a cell for evaluation. The output capability of the resulting single cell for fuel cell was evaluated. 
45 [0424] In detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a 
packing material (a supporting current collector) 5 of thin carbon paper to each of the electrodes of each membrane- 
electrodes assembly 4 obtained in Example 1 5 and composed of a solid polymer electrolyte membrane 1 , an oxygen 
electrode 2 and a hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of 
serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
* 50 surface of each packing material. The single cells for solid polymer electrolyte fuel cell thus obtained were subjected 
to a Jong-term deterioration test at a current density of 300 mA/cm 2 . The results are shown in Fig. 15. 
[0425] In Fig. 15, numerals 57, 58 and 59 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies XII, XII' and XII", respectively, of the solid polymer electrolyte membrane and elec- 
trodes. 

55 [0426] In Fig. 15, numeral 60 indicates the result of the durability test on a single cell for fuel cell obtained by using 
the assembly of the perfluorocarbon sulfonic acid (Nafion 117) solid polymer electrolyte membrane and electrodes. 
[0427] In Fig. 15, numeral 57 indicates the change with time of output voltage of the single cell for fuel cell of Example 
15 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
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bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether suffone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 58 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 15 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
5 groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. 

[0428] Numeral 59 indicates the change with time of output voltage of the single cell for fuel cell produced in Example 
15 by using a solid polymer electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded 
thereto through alkylene groups and an electrocatalyst-coating solution containing the perfluorocarbon sulfonic acid 

10 solid polymer electrolyte (Nafion 117). Numeral 60 indicates the change with time of output voltage of the single cell 
for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117). 
Numeral 61 indicates the change with time of output voltage of a single cell for fuel cell of Comparative Example 15 
produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether sulfone solid polymer 

is electrolyte having sulfonic acid groups directly bonded thereto. 

[0429] As can be seen from the results indicated by numerals 57 and 59 in Fig. 15, the initial voltage of the single 
cells obtained by using the assemblies XII and XII", respectively, of the solid polymer electrolyte membrane of the 
present invention and electrodes was 0.74 V, and the single cells had the same voltage as the initial voltage even after 
5,000 hours of operation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid 

20 solid polymer electrolyte membrane (Nafion 117) and indicated by numeral 60 in Fig. 15. 

[0430] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 61 in Fig. 15 
(the single cell for fuel cell of Comparative Example 2 obtained by using the sulfonated aromatic hydrocarbon solid 
polymer electrolyte membrane) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 
[0431] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 

25 polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0432] The single cell for fuel cell obtained by using the membrane-electrodes assembly XII of the present invention 
is superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly XII'. That 
30 is, the electrocatalyst-coating solution XII is more suitable than the electrocatalyst-coating solution X, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

[0433] The reason why the output voltage of the single cell for fuel cell of Example 15 is higher than that of the single 
cell for fuel cell of Comparative Example 2 though the membrane-electrodes assemblies of Example 15 and Compar- 
ative Example 2 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
35 the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 15 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
used in the membrane-electrodes assembly of Comparative Example 2. 

(6) Production of a fuel cell 

40 

[0434] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (5) according to the present invention. The fuel cell had an output of 3 kW. 

Example 16 

45 

(1) Synthesis of a bromohexamethylated poly(1 : 4-pheny!ene ether ether sulfone) 

[0435] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 38.8 g of 
* so a poly(1,4-phenylene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -4-OC 6 H 4 -4-C 6 H 4 -4-0-) n ] and 50 ml of dried nitroben- 
zene were placed in the flask. Then, 6.5 g of n-butoxylithium was added thereto and the resulting mixture was main- 
tained at room temperature for 2 hours. Subsequently, 100 g of 1 ,6-dibromohexane was added thereto and stirred for 
12 hours. 

[0436] The reaction solution was slowly dropped into 1 liter of deionized water to precipitate a bromohexamethylated 
55 poly(1 ,4-phenylene ether ether sulfone), which was recovered by filtration. The recovered precipitate was repeatedly 
subjected to washing with deionized water in a mixer and recovery by filtration by suction until the filtrate became 
neutral. The precipitate thus treated was dried overnight at 120°C under reduced pressure. 
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(2) Synthesis of a sulfohexamethylated poly(1 ,4-phenylene ether ether sulfone) 

[0437] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Thereafter, 10 g of 
5 the aforesaid bromohexamethylated poly(1 ,4-phenylene ether ether sulfone), 50 ml of dried nitrobenzene and 30 g of 
sodium sulfate were placed in the flask and stirred at 100° C for 5 hours. Then, 10 ml of ion-exchanged water was 
added thereto and stirred for 5 hours. 

[0438] Subsequently, the reaction solution was slowly dropped into 1 liter of deionized water to precipitate a sulfo- 
hexamethylated poly(1 ,4-phenylene ether ether sulfone), which was recovered by filtration. The recovered precipitate 

10 was repeatedly subjected to washing with deionized water in a mixer and recovery by filtration by suction until the 
filtrate became neutral. The precipitate thus treated was dried overnight at 120°C under reduced pressure. 
[0439] The dried precipitate was subjected to 1 HNMR measurement to find that new peaks due to a 
-CH 2 CH2CH 2 CH2CH2CH 2 S0 3 H group were present at 1.3 to 4.6 ppm. This fact confirmed the introduction of sulfo- 
hexamethyl groups. The ion-exchange group equivalent weight of the sulfohexamethylated poly(1 ,4-phenylene ether 

is ether sulfone) solid polymer electrolyte XIII thus obtained was 660 g/equivalent. 

[0440] Since the sulfohexamethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XIII can be 
produced by the above process through two steps by using the poly(1 ,4-phenylene ether ether sulfone), an inexpensive 
commercial engineering plastic, as a starting material, the cost of production thereof is as low as less than one-thirtieth 
that of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) produced through five steps by using 

20 an expensive starting material. 

[0441] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfohexamethylated poly(1 ,4-phe- 
nylene ether ether sulfone) solid polymer electrolyte XIII and 20 ml of ion-exchanged water were maintained at 120°C 
for 2 weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfo- 
hexamethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XIII was measured. 

25 [0442] As a result, it was found that the ion-exchange group equivalent weight of the sulfohexamethylated poly 
(1,4-phenylene ether ether sulfone) solid polymer electrolyte XIII was 660 g/equivalent, the same value as the initial 
value, namely, the solid polymer electrolyte XIII was stable like the perfluorocarbon sulfonic acid solid polymer elec- 
trolyte (Nafion 117). 

[0443] On the other hand, as described in Comparative Example 2, (1), the ion-exchange group equivalent weight 
30 of the inexpensive sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X was increased to 
1,250 g/equivalent from its initial value of 660 g/equivalent under the same conditions of hydrolysis by heating as 
above, namely, sulfonic acid groups were released from the solid polymer electrolyte X. 

[0444] Thus, unlike the inexpensive sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte X, 
the inexpensive sulfohexamethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte XIII was stable 
35 like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) and was excellent in both cost and resist- 
ance to hydrolysis (durability). 

(3) Formation of a solid polymer electrolyte membrane 

40 [0445] The product obtained in the above item (2) was dissolved in a N.N-dimethylformamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a sulfohexamethylated poly(1 ,4-phe- 
nylene ether ether sulfone) solid polymer electrolyte membrane XIII of 42 urn in thickness. The ion electric conductivity 
of the obtained sulfohexamethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane XIII 

45 was 40 S/cm. 

[0446] In a Teflon-coated closed container made of SUS, the aforesaid sulfohexamethylated poty(1 ,4-phenylene 
ether ether sulfone) solid polymer electrolyte membrane XIII and 20 ml of ion-exchanged water were maintained at 
120°C for 2 weeks. After the maintenance, the ion electric conductivity of the obtained solid polymer electrolyte mem- 
brane XIII was the same as its initial value like that of the perfluorocarbon sulfonic acid solid polymer electrolyte mem- 
„ 50 brane (Nafion 117), and the solid polymer electrolyte membrane XIII was firm. 

[0447] On the other hand, as described in Comparative Example 2, (2), the relatively inexpensive sulfonated poly 
(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane X was broken to tatters under the same con- 
ditions of hydrolysis by heating as above. 

[0448] Thus, unlike the sulfonated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane X, 
55 the inexpensive sulfohexamethylated poly(1 ,4-phenylene ether ether sulfone) solid polymer electrolyte membrane XIII 
was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nafion 117) and was excellent 
in both cost and resistance to hydrolysis (durability). 
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(4) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0449J The same solution as in the above item (3), i.e., a 5 wt% solution of the solir «mer electrolyte XIII in the 
N.N-dimethylformamide-cyclohexanone-methyl ethyl ketone nr : .26 solvent was adder unum-supporting carbon 
5 (content of platinum supported: 40 wt%), so that the weight ra: :o of platinum catalyst solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution XIII). 

[0450] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution XIII 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
10 and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution XIII after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 
alent weight of the electrocatalyst-coating solution XIII was 660 ©/equivalent, the same value as the initial value, namely, 
the electrocatalyst-coating solution XIII was stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst- 
coating solution. 

15 [0451] On the other hand, as described in Comparative Example 2, (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution X was increased to 1 ,250 g/equivalent from its initial value of 660 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 
[0452] Thus, unlike the inexpensive electrocatalyst-coating solution X described in Comparative Example 2, (2), the 
inexpensive electrocatalyst-coating solution XIII was stable like the perfluorocarbon sulfonic acid (Nation 1 1 7) electro- 

20 catalyst -coating solution and was excellent in both cost and resistance to hydrolysis (durability). 

[0453] The aforesaid electrocatalyst-coating solution XIII was applied on both sides of the solid polymer electrolyte 
membrane XIII obtained in the above item (3), and was dried to produce a membrane-electrodes assembly XIII having 
an amount of platinum supported of 0.25 mg/cm 2 . 

[0454] The electrocatalyst-coating solution X described in Comparative Example 2, (2) was applied on both sides of 
25 the same solid polymer electrolyte membrane XIII as that obtained in the above item (3), and was dried to produce a 
membrane-electrodes assembly XI IT having an amount of platinum supported of 0.25 mg/cm 2 . 
[0455] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) in an alcohol- 
water mixed solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the 
weight ratio of platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was 
30 uniformly dispersed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating 
solution was applied on both sides of the same solid polymer electrolyte membrane XIII as that obtained in the above 
item (3), and was dried to produce a membrane-electrodes assembly XIII" having an amount of platinum supported of 
0.25 mg/cm 2 . 

[0456] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XIII obtained 
35 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly XIII was not different from that before the maintenance like a membrane-electrodes assembly 
produced by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) and the perfluor- 
ocarbon sulfonic acid solid polymer electrolyte (Nation 117), and its membrane was firm. 

[0457] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XII P obtained 
40 and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XI IP 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XI IP after the 
maintenance had power-generating capability. 

[0458] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XI IP' obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XIII" 
45 after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XIII" after the 
maintenance had power-generating capability. 

(5) Durability test on single cells for fuel cell 

* 50 [0459] The above-mentioned membrane-electrodes assemblies XIII, XlIP and XIII" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
corporated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. In 
detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a packing material 
(a supporting current collector) 5 of thin carbon paper to each of the electrodes of each membrane-electrodes assembly 
55 4 obtained in Example 16 and composed of a solid polymer electrolyte membrane 1, an oxygen electrode 2 and a 
hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of serving as a separator 
between electrode chambers and passageways for gas supply to the electrodes, on the outer surface of each packing 
material. The single cells for fuel cells thus obtained were subjected to a long-term deterioration test at a current density 
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of 300 mA/cm 2 . The results obtained are shown in Fig. 16. 

[0460] In Fig. 16, numerals 62, 63 and 64 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies XIII, XIII' and XIII", respectively, of the solid polymer electrolyte membrane of the 
present invention and electrodes. 

5 [0461] In Fig. 16, numeral 65 indicates the result of the durability test on a single cell for fuel cell obtained by using 
the assembly of the perfluorocarbon sulfonic acid (Nation 117) solid polymer electrolyte membrane and electrodes. 
[0462] In Fig. 1 6, numeral 62 indicates the change with time of output voltage of the single cell for fuel cell of Example 
16 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 

10 solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 63 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 1 6 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 64 indicates the change with time of output voltage of the single 

15 cell for fuel cell produced in Example 1 6 by using a solid polymer electrolyte membrane of the polyether ether sulfone 
having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117). Numeral 65 indicates the change with time of 
output voltage of the single cell for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nation 117). Numeral 66 indicates the change with time of output voltage of a single cell for fuel cell of 

20 Comparative Example 1 6 produced by using a solid polymer electrolyte membrane of a polyether ether su If one having 
sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 
sulfone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0463] As can be seen from the results indicated by numerals 62 and 64 in Fig. 16, the initial voltage of the single 
cells obtained by using the assemblies XIII and XIM", respectively, of the solid polymer electrolyte membrane of the 
25 present invention and electrodes was 0.83 V, and the single cells had the same voltage as the initial voltage even after 
5,000 hours of operation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid 
solid polymer electrolyte membrane (Nafion 117) and indicated by numeral 65 in Fig. 16. 

[0464] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 66 in Fig. 16 
(the single cell for fuel cell of Comparative Example 2 obtained by using the sulfonated aromatic hydrocarbon solid 

30 polymer electrolyte X) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 

[0465] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

35 [0466] The single cellforfuel cell obtained by using the membrane-electrodes assembly XIII of the present invention 
is superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly XIII'. That 
is, the electrocatalyst-coating solution XIII is more suitable than the electrocatalyst-coating solution X, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

[0467] The reason why the output voltage of the single cellforfuel cell of Example 16 is higher than that of the single 
40 cell for fuel cell of Comparative Example 2 though the membrane-electrodes assemblies of Example 1 6 and Compar- 
ative Example 2 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 16 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
used in the membrane-electrodes assembly of Comparative Example 2. 

45 

(6) Production of a fuel cell 

[0468] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
as in the above item (5) according to the present invention. The fuel cell had an output of 3 kW. 
. so [0469] As can be seen from Examples 15, 13, 14 and 16, the values of the ion-exchange group equivalent weight 
(g/equivalent) of the sulfoalkylated poly(1 ,4-phenyiene ether ether sulfone) solid electrolytes in which the values of n 
(the number of carbon atoms of the alkylene group) are 1 , 3, 4 and 6 are 650, 670, 650 and 660, respectively, which 
are substantially the same. The values of ionic conductance (S/cm) of the solid polymer electrolyte membranes obtained 
by using these solid electrolytes are 5, 1 5, 25 and 40, respectively. 
55 [0470] That is, with an increase of the value of n in the sulfoalkylated aromatic hydrocarbon solid electrolytes, the 
ionic conductance and the proton transportability increase, so that an excellent solid polymer electrolyte fuel cell can 
be obtained. 

[0471] On the other hand, from the viewpoint of cost, the sulfopropylated aromatic hydrocarbon solid polymer elec- 
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trolyte and the sulfobutylated aromatic hydrocarbon solid polymer electrolyte, which can be synthesized by a one-stage 
reaction with a sultone, are more advantageous than the sulfohexamethylated aromatic hydrocarbon solid polymer 
electrolyte and the sulfomethylated aromatic hydrocarbon solid polymer electrolyte, which are synthesized by a two- 
stage reaction. 

5 [0472] That is, the value of n is preferably 3 or 4 for reconciling the ionic conductance and the cost. 
Example 17 

(1) Synthesis of a sulfopropylated poly(1 ,6-naphthalene ether ether sulfone) 

10 

[0473] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 6.08 g (0.0155 
mol) of a poly(1 ,5-naphthalene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -1 -OC^He-5-O-y dried by its maintenance at 
1 10°C for 10 hours and 1 50 ml of dehydrated chloroform were placed in the flask and maintained at 60°C for about 1 
15 hour to effect dissolution. To the resulting solution was added 5.67 g (0.0464 mol) of propanesultone. Subsequently, 
6.19 g (0.0464 mol) of anhydrous aluminum chloride thoroughly ground in a mortar was added thereto with stirring 
over a period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, the resulting 
mixture was refluxed with stirring at 60°C for 30 hours. 

[0474] The polymer precipitated was filtered, washed with 1 50 ml of chloroform and then dried under reduced pres- 
to sure. The dried polymer was suspended in 250 ml of water and finely ground in a mixer, and the resulting finely ground 
substance was filtered. This procedure was repeated four times. After thorough washing with water, the water-insoluble 
finely ground substance thus obtained was dried at 90°C under reduced pressure. 

[0475] The dried substance was subjected to 1 HNMR measurement to find that new peaks due to a 
-CH 2 CH 2 CH 2 S0 3 H group were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of sulfopropyl 
25 groups. 

[0476] The sulfonic acid equivalent weight of the sulfopropylated poly(1 ,6-naphthalene ether ether sulfone) solid 
polymer electrolyte XIV thus obtained was 770 g/equivalent. 

[0477] Since the sulfopropylated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XIV can be pro- 
duced through one step by using the poly(1 ,6-naphthalene ether ether sulfone), a relatively inexpensive commercial 
30 engineering plastic, as a starting material the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) produced through five steps by using an expensive 
starting material. 

[0478] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfopropylated poly(1 ,6-naphthalene 
ether ether sulfone) solid polymer electrolyte XIV and 20 ml of ion-exchanged water were maintained at 120°C for 2 

35 weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfopropylated 
poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XIV was measured. As a result, it was found that 
the ion-exchange group equivalent weight of the sulfopropylated poly(1 ,6-naphthalene ether ether sulfone) solid pol- 
ymer electrolyte XIV was 770 g/equivalent, the same value as the initial value, namely, the solid polymer electrolyte 
XIV was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117). 

40 [0479] On the other hand, as described hereinafter in Comparative Example 3, (1),the ion-exchange group equivalent 
weight of an inexpensive sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XV was in- 
creased to 1,300 g/equivalent from its initial value of 760 g/equivalent under the same conditions of hydrolysis by 
heating as above, namely, sulfonic acid groups were released from the solid polymer electrolyte XV. 
[0480] Thus, unlike the inexpensive sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte 

45 XV described hereinafter in Comparative Example 3, (1 ), the inexpensive sulfopropylated poly(1 ,6-naphthalene ether 
ether sulfone) solid polymer electrolyte XIV was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nafion 117) and was excellent in both cost and resistance to hydrolysis (durability). 

(2) Formation of a solid polymer electrolyte membrane 

50 

[0481 ] The product obtained in the above item (1 ) was dissolved in a N ,N-dimethylformamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
on a glass plate by spin coating, air-dried and then dried in vacuo at 80° C to form a solid polymer electrolyte membrane 
XIV of 25 urn in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane XIV was 
55 15S/cm. 

[0482] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane XIV 
obtained and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the ion 
electric conductivity of the solid polymer electrolyte membrane XIV was the same as its initial value like that of the 
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perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117), and the solid polymer electrolyte mem- 
brane XIV was firm. 

[0483] On the other hand, as described hereinafter in Comparative Example 3, (2), the relatively inexpensive sul- 
fonated aromatic hydrocarbon solid polymer electrolyte membrane XV was broken to tatters under the same conditions 
5 of hydrolysis by heating as above. 

[0484] Thus, unlike the inexpensive sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte 
membrane XV described hereinafter in Comparative Example 3, (2), the inexpensive sulfopropylated poly(1 ,6-naph- 
thalene ether ether sulfone) solid polymer electrolyte membrane XIV was stable like the perfluorocarbon sulfonic acid 
solid polymer electrolyte membrane (Nation 1 1 7) and was excellent in both cost and resistance to hydrolysis (durability). 

10 

(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0485] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte XIV in the 
N,N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
15 (content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution XIV). 

[0486] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution XIV 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
20 and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution XIV after the maintenance was measured. 

[0487] As a result, it was found that the ion-exchange group equivalent weight of the electrocatalyst-coating solution 
XIV was 760 g/equivalent, the same value as the initial value, namely, the electrocatalyst-coating solution XIV was 
stable like the perfluorocarbon sulfonic acid (Nation 117) electrocatalyst-coating solution. 

25 [0488] On the other hand, as described hereinafter in Comparative Example 3, (2), the ion-exchange group equivalent 
weight of the electrocatalyst-coating solution XV was increased to 1 ,300 g/equivalent from its initial value of 760 g/ 
equivalent under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 
[0489] Thus, unlike the inexpensive electrocatalyst-coating solution XV described in Comparative Example 3, (2), 
the inexpensive electrocatalyst-coating solution XIV was stable like the perfluorocarbon sulfonic acid (Nation 117) 

30 electrocatalyst-coating solution and was excellent in both cost and resistance to hydrolysis (durability). 

[0490] The aforesaid electrocatalyst-coating solution XIV was applied on both sides of the solid polymer electrolyte 
membrane XIV obtained in the above item (2), and was dried to produce a membrane-electrodes assembly XIV having 
an amount of platinum supported of 0.25 mg/cm 2 . 

[0491] The electrocatalyst-coating solution XV described hereinafter in Comparative Example 3, (2) was applied on 
35 both sides of the same solid polymer electrolyte membrane XIV as that obtained in the above item (2), and was dried 
to produce a membrane-electrodes assembly XIV having an amount of platinum supported of 0.25 mg/cm 2 . 
[0492] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 
platinum catalyst to the solid polymer electrolyte might be 2 : 1 . The platinum-supporting carbon was uniformly dis- 
40 persed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane XIV as that obtained in the above item (2) : and 
was dried to produce a membrane-electrodes assembly XIV" having an amount of platinum supported of 0.25 mg/cm 2 . 
[0493] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XIV obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
45 electrodes assembly XIV was not different from that before the maintenance like a membrane-electrodes assembly 
produced by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) and the perfluor- 
ocarbon sulfonic acid solid polymer electrolyte (Nafion 117), and its membrane was firm. 

[0494] In a Teflon-coated closed container made of SUS 5 the aforesaid membrane-electrodes assembly XIV obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XIV 
* 50 after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XIV after the 
maintenance had power-generating capability. 

[0495] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XIV" ob- 
tained and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly 
XIV" after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XIV" after 
55 the maintenance had power-generating capability. 

[0496] On the other hand, as described hereinafter in Comparative Example 3, (3) : the membrane of a membrane- 
electrodes assembly XV produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer 
electrolyte membrane XV and the electrocatalyst-coating solution XV was broken to tatters and the electrodes of the 
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assembly were peeled, under the same conditions of hydrolysis by heating as above. 

[0497] Thus, unlike the inexpensive membrane-electrodes assembly XV described hereinafter in Comparative Ex- 
ample 3, (3), i.e., the assembly of the sulfonated aromatic hydrocarbon solid po " *r electro!"-? membrane and elec- 
trodes, the inexpensive assembly XIV of the sulfopropylated poly(1 ,6-naphthai:- ether eth- ulfone) solid polymer 
5 electrolyte membrane and electrodes was stable like the assembly of the perfluo ocarbon s ;nic acid (Nation 117) 
membrane and electrodes, and was excellent in both cost and resistance to hydrolysis (durability). 

(4) Durability test on single cells for fuel cell 

w [0498] The above-mentioned membrane-electrodes assemblies XIV, XIV and XIV" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
corporated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. 
[0499] In detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a 
packing material (a supporting current collector) 5 of thin carbon paper to each of the electrodes of each membrane- 

15 electrodes assembly 4 obtained in Example 1 7 and composed of a solid polymer electrolyte membrane 1 , an oxygen 
electrode 2 and a hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of 
serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
surface of each packing material. The single cells for fuel cells thus obtained were subjected to a long-term deterioration 
test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 17. 

20 [0500] In Fig. 17, numerals 67, 68 and 69 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies XIV, XIV and XIV", respectively, of the solid polymer electrolyte membrane of the 
present invention and electrodes. 

[0501] In Fig. 17, numeral 70 indicates the result of the durability test on a single cell for fuel cell obtained by using 
the assembly of the perfluorocarbon sulfonic acid (Nation 117) solid polymer electrolyte membrane and electrodes. 

25 [0502] In Fig. 1 7, numeral 67 indicates the change with time of output voltage of the single cell for fuel cell of Example 
17 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 68 indicates 
the change with time of output voltage of the single cell for fuel cell produced in Example 1 7 by using a solid polymer 

30 electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 69 indicates the change with time of output voltage of the single 
cell for fuel cell produced in Example 1 7 by using a solid polymer electrolyte membrane of the polyether ether sulfone 
having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 

35 the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117). Numeral 70 indicates the change with time of 
output voltage of the single cell for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nation 117). Numeral 71 indicates the change with time of output voltage of a single cell for fuel cell of 
Comparative Example 17 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having 
sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 

40 sulfone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0503] As can be seen from the results indicated by numerals 67 and 69 in Fig. 17, the initial voltage of the single 
cells obtained by using the assemblies XIV and XIV" respectively, of the solid polymer electrolyte membrane of the 
present invention and electrodes was 0.76 V, and the single cells had the same voltage as the initial voltage even after 
5,000 hours of operation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid 

^5 solid polymer electrolyte membrane (Nation 117) and indicated by numeral 70 in Fig. 17. 

[0504] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 71 in Fig. 17 
(the single cell for fuel cell obtained by using the sulfonated aromatic hydrocarbon solid polymer electrolyte XV which 
is described hereinafter in Comparative Example 3) was 0.73 V, and the output of this single cell was zero after 600 
hours of operation. 

* so [0505] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 
carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0506] The single cell for fuel cell obtained by using the membrane-electrodes assembly XIV is superior in durability 
55 to the single cell for fuel cell obtained by using the membrane-electrodes assembly XIV. That is, the electrocatalyst- 
coating solution XIV is more suitable than the electrocatalyst-coating solution XV, for coating an electrocatalyst for a 
membrane-electrodes assembly 

[0507] The reason why the output voltage of the single cell for fuel cell of Example 1 7 is higher than that of the single 
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cell for fuel cell of Comparative Example 3 though the membrane-electrodes assemblies of Example 1 7 and Compar- 
ative Example 3 have the same amount ^ platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 17 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 
5 used in the membrane-electrodes assembly of Comparative Example 3. 

(5) Production of a fuel cell 

[0508] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 
10 as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

Comparative Example 3 

(1 ) Synthesis of a sulfonated poly(1 ,6-naphthalene ether ether sulfone) 

75 

[0509] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 
a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 3.22 g (0.01 03 
mol) of a poly(1 ,6-naphthalene ether ether sulfone) [(-C 6 H 4 -4-S0 2 C 6 H 4 -1 -OC 10 H 6 -5-O-) n ] dried by its maintenance at 
110°C for 10 hours and 100 ml of chloroform were placed in the flask and maintained at 60°C for about 1 hour to effect 
20 dissolution. To the resulting solution was added a solution of 1 .165 g (0.01 mol) of chlorosulfonic acid in 50 ml of 
1 ,1 ,2,2-tetrachloroethane over a period of about 1 0 minutes. 

[0510] Subsequently, the resulting mixture was stirred at 60°C for 4 hours, and the precipitate was filtered and then 
washed with 1 50 ml of chloroform. The washed precipitate was dissolved in 250 ml of methanol at 60°C. The resulting 
solution was dried at 60°C under reduced pressure. The polymer thus obtained was finely ground in a mixer together 
25 with 250 ml of water, and the resulting mixture was filtered. This procedure was repeated three times. 

[051 1 ] The water-insoluble fine powder thus obtained was dried over phosphorus pentaoxide at 90°C under reduced 
pressure. This fine powder was insoluble in water and soluble in methanol. 

[0512] The dried fine powder was subjected to 1 HNMR measurement to find that absorptions at 7.3 to 8.0 ppm due 
to the hydrogen atoms of the naphthalene rings and benzene rings in the starting poly(1 ,6-naphthalene ether ether 
30 sulfone) had been decreased, and that a new absorption due to the hydrogen atom of a phenyl group adjacent to a 
S0 3 H group was present at 8.3 ppm. This fact confirmed the introduction of sulfonic acid groups. The sulfonic acid 
equivalent weight of the sulfonated poly(1,6-naphthalene ether ether sulfone) solid polymer electrolyte XV thus obtained 
was 760 g/equivalent. 

[0513] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid sulfonated poty(1 ,6-naphthalene 
35 ether ether sulfone) solid polymer electrolyte XV obtained and 20 ml of ion-exchanged water were maintained at 120°C 
for 2 weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfonated 
poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XV was measured. As a result, it was found that 
the sulfonic acid equivalent weight of the sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte 
XV had been increased to 1,300 g/equivalent from its initial value of 760 g/equivalent, namely, sulfonic acid groups 
40 had been released from the solid polymer electrolyte XV. 

(2) Formation of a solid polymer electrolyte membrane 

[0514] The sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XV obtained in the above 
45 item (1) was dissolved in a N.N-dimethylfoimamide-cyclohexanone-methyl ethyl ketone mixed solvent (volume ratio; 
20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread on a glass plate by spin coating, air-dried 
and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane XV of 45 u.m in thickness. The ion electric 
conductivity of the obtained solid polymer electrolyte membrane XV was 8 S/cm. 

[0515] In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane XV ob- 
* 50 tained and 20 ml of ion-exchanged water were maintained at 120° C for 2 weeks. Asa result, the solid polymer electrolyte 
membrane XV was broken to tatters. 

(3) Production of an electrocatalyst-coating solution and a membrane-electrodes assembly 

55 [0516] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte XV in the 
N.N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
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catalyst-coating solution XV). 

[0517] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution XV 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
5 coating solution XV after the maintenance was measured. As a result, it was found that the ion-exchange group equiv- 
alent weight of the electrocatalyst-coating solution XV had been increased to 1 ,300 g/equivalent from its initial value 
of 760 g/equivalent, namely, sulfonic acid groups had been released. 

[0518] The aforesaid electrocatalyst-coating solution XV was applied on both sides of the solid polymer electrolyte 
membrane XV obtained in the above item (2), and was dried to produce a membrane-electrodes assembly XV having 
10 an amount of platinum supported of 0.25 mg/cm 2 . 

[051 9] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XV obtained 
and 20 ml of ion-exchanged water were maintained at 1 20° C for 2 weeks. Asa result, the membrane of the membrane- 
electrodes assembly XV was broken to tatters and its electrodes were peeled. 

is (4) Durability test on a single cell for fuel cell 

[0520] A single cell for solid polymer electrolyte fuel cell was produced by adhering a packing material (a supporting 
current collector) of thin carbon paper to each side of the membrane-electrodes assembly XV of Comparative Example 
3, and providing an electroconductive separator (a bipolar plate) capable of serving as a separator between electrode 
20 chambers and passageways for gas supply to the electrodes, on the outer surface of each packing material. The single 
cell was subjected to a long-term operation test at a current density of 300 mA/cm 2 . As a result, it was found that as 
indicated by numeral 71 in Fig. 17, the initial output voltage of the single cell was 0.73 V and that the output voltage 
of the single cell was zero after 600 hours of operation. 

25 Example 18 

(1) Synthesis of a sulfobutylated poly(1,6-naphthalene ether ether sulfone) 

[0521] The inner atmosphere of a 500-ml four-necked round bottom flask equipped with a stirrer, a thermometer and 

30 a reflux condenser having a calcium chloride tube connected thereto was replaced with nitrogen. Then, 6.08 g (0.0155 
mol) of a poly(1 ,5-naphthalene ether ether sulfone) [(-CeH^-SOgCgH^I-OC^He-S-O-JJ dried by its maintenance at 
110°C for 10 hours and 150 ml of dehydrated chloroform were placed in the flask and maintained at 60°C for about 1 
hour to effect dissolution. To the resulting solution was added 6.26 g (0.0464 mol) of butanesultone. 
[0522] Subsequently, 6.19 g (0.0464 mol) of anhydrous aluminum chloride thoroughly ground in a mortar was added 

35 thereto with stirring over a period of about 30 minutes. After completion of the addition of anhydrous aluminum chloride, 
the resulting mixture was refluxed with stirring at 60°C for 30 hours. The polymer precipitated was filtered, washed 
with 1 50 ml of chloroform and then dried under reduced pressure. The dried polymer was suspended in 250 ml of water 
and finely ground in a mixer, and the resulting finely ground substance was filtered. This procedure was repeated four 
times. After thorough washing with water, the water-insoluble finely ground substance thus obtained was dried at 90°C 

40 under reduced pressure. 

[0523] The dried substance was subjected to 1 HNMR measurement to find that new peaks due to a 
-CH 2 CH 2 CH 2 CH 2 S0 3 H group were present at 2.2 ppm and 3.8 ppm. This fact confirmed the introduction of sulfobutyl 
groups. The sulfonic acid equivalent weight of the sulfobutylated poly(1 ,6-naphthalene ether ether sulfone) solid pol- 
ymer electrolyte XVI thus obtained was 770 g/equivalent. 

45 [0524] Since the sulfobutylated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XVI can be pro- 
duced through one step by using the poly(1 ,6-naphthalene ether ether sulfone), a relatively inexpensive commercial 
engineering plastic, as a starting material the cost of production thereof is as low as less than one-fiftieth that of the 
perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117) produced through five steps by using an expensive 
starting material. 

** 50 [0525] In a Teflon-coated closed container made of SUS, 1 .0 g of the obtained sulfobutylated poly(1 ,6-naphthalene 
ether ether sulfone) solid polymer electrolyte XVI and 20 ml of ion-exchanged water were maintained at 120°C for 2 
weeks. After cooling and thorough washing with water, the ion-exchange group equivalent weight of the sulfobutylated 
poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XVI was measured. 

[0526] As a result, it was found that the ion-exchange group equivalent weight of the sulfobutylated poly(1 ,6-naph- 
55 thalene ether ether sulfone) solid polymer electrolyte XVI was 750 g/equivalent, the same value as the initial value, 
namely, the solid polymer electrolyte XVI was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte 
(Nafion 117). 

[0527] On the other hand, as described in Comparative Example 3, (1), the ion-exchange group equivalent weight 
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of the inexpensive sulfonated poiy(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte XV was increased 
to 1 ,300 g/equivalent from its initial value of 760 g/equivalent under the same conditions of hydrolysis by heating as 
above, namely, sulfonic acid groups were released from the solid polymer electrolyte XV. 

[0528] Thus, unlike the inexpensive sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte 
5 XV described in Comparative Example 3, (1 ) , the inexpensive sulfobutyiated poly(1 ,6-naphthalene ether ether sulfone) 
solid polymer electrolyte XVI was stable like the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117) 
and was excellent in both cost and resistance to hydrolysis (durability). 

(2) Formation of a solid polymer electrolyte membrane 

10 

[0529] The product obtained in the above item (1 ) was dissolved in a N,N-dimethylformamide-cyclohexanonemethyl 
ethyl ketone mixed solvent (volume ratio; 20 : 80 : 25) to a concentration of 5 wt%. The resulting solution was spread 
on a glass plate by spin coating, air-dried and then dried in vacuo at 80°C to form a solid polymer electrolyte membrane 
XVI of 25 ujti in thickness. The ion electric conductivity of the obtained solid polymer electrolyte membrane XVI was 
15 25 S/cm. 

[0530] ^In a Teflon-coated closed container made of SUS, the aforesaid solid polymer electrolyte membrane XVI and 
20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. Afterthe maintenance, the ion electric conductivity 
of the solid polymer electrolyte membrane XVi was the same as its initial value like that of the perfluorocarbon sulfonic 
acid solid polymer electrolyte membrane (Nation 117), and the solid polymer electrolyte membrane XVI was firm. 

20 [0531] On the other hand, as described in Comparative Example 3, (2), the relatively inexpensive sulfonated aromatic 
hydrocarbon solid polymer electrolyte membrane XV was broken to tatters under the same conditions of hydrolysis by 
heating as above. Thus, unlike the inexpensive sulfonated poly(1 ,6-naphthalene ether ether sulfone) solid polymer 
electrolyte membrane XV described in Comparative Example 3, (2), the inexpensive sulfobutyiated poly(1 ,6-naphtha- 
lene ether ether sulfone) solid polymer electrolyte membrane XVI was stable like the perfluorocarbon sulfonic acid 

25 solid polymer electrolyte membrane (Nation 1 1 7) and was excellent in both cost and resistance to hydrolysis (durability). 

(3) Production of electrocatalyst-coating solutions and membrane-electrodes assemblies 

[0532] The same solution as in the above item (2), i.e., a 5 wt% solution of the solid polymer electrolyte XVI in the 
30 N.N-dimethylformamide-cyclohexanone-methyl ethyl ketone mixed solvent was added to platinum-supporting carbon 
(content of platinum supported: 40 wt%), so that the weight ratio of platinum catalyst to the solid polymer electrolyte 
might be 2 : 1 . The platinum-supporting carbon was uniformly dispersed in the solution to prepare a paste (an electro- 
catalyst-coating solution XVI). 

[0533] In a Teflon-coated closed container made of SUS, 1 .0 g of the aforesaid electrocatalyst-coating solution XVI 
35 and 20 ml of ion-exchanged water were maintained at 1 20°C for 2 weeks. After cooling, the solvent was vaporized 
and the resulting solid was washed with water. Then, the ion-exchange group equivalent weight of the electrocatalyst- 
coating solution XVI after the maintenance was measured. 

[0534] As a result, it was found that the ion-exchange group equivalent weight of the electrocatalyst-coating solution 
XVI was 750 g/equivalent, the same value as the initial value, namely, the solution XVI was stable like the perfluoro- 

40 carbon sulfonic acid (Nation 117) electrocatalyst-coating solution. 

[0535] On the other hand, as described in Comparative Example 3, (2), the ion-exchange group equivalent weight 
of the electrocatalyst-coating solution XV was increased to 1 ,300 g/equivalent from its initial value of 760 g/equivalent 
under the same conditions of hydrolysis by heating as above, namely, sulfonic acid groups were released. 
[0536] Thus, unlike the inexpensive electrocatalyst-coating solution XV described in Comparative Example 3, (2), 

45 the inexpensive electrocatalyst-coating solution XVI was stable like the perfluorocarbon sulfonic acid (Nation 117) 
electrocatalyst-coating solution and was excellent in both cost and resistance to hydrolysis (durability). 
[0537] The aforesaid electrocatalyst-coating solution XVI was applied on both sides of the solid polymer electrolyte 
membrane XVI obtained in the above item (2), and was dried to produce a membrane-electrodes assembly XVI having 
an amount of platinum supported of 0.25 mg/cm 2 . 
* 50 [0538] The electrocatalyst-coating solution XV described in Comparative Example 3, (2) was applied on both sides 
of the same solid polymer electrolyte membrane XVI as that obtained in the above item (2), and was dried to produce 
a membrane-electrodes assembly XVI' having an amount of platinum supported of 0.25 mg/cm 2 . 
[0539] A 5 wt% solution of the perfluorocarbon sulfonic acid solid polymer electrolyte in an alcohol-water mixed 
solvent was added to platinum-supporting carbon (content of platinum supported: 40 wt%), so that the weight ratio of 

55 platinum catalyst to the solid polymer electrolyte might be 2 : 1. The platinum-supporting carbon was uniformly dis- 
persed in the solution to prepare a paste (an electrocatalyst-coating solution). This electrocatalyst-coating solution was 
applied on both sides of the same solid polymer electrolyte membrane XVI as that obtained in the above item (2) : and 
was dried to produce a membrane-electrodes assembly XVI" having an amount of platinum supported of 0.25 mg/cm 2 . 
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[0540] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XVI obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. After the maintenance, the membrane- 
electrodes assembly XVI was not different from that before the maintenance like a membrane-electrodes assembly 
produced at a high cost by using the perfluorocarbon sulfonic acid solid polymer electrolyte membrane (Nation 117) 

5 and the perfluorocarbon sulfonic acid solid polymer electrolyte (Nation 117), and its membrane was firm. 

[0541 ] In a Teflon-coated closed container made of SUS : the aforesaid membrane-electrodes assembly XVI* obtained 
and 20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XVI' 
after the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XVI' after the 
maintenance had power-generating capability. 

10 [0542] In a Teflon-coated closed container made of SUS, the aforesaid membrane-electrodes assembly XVI" and 
20 ml of ion-exchanged water were maintained at 120°C for 2 weeks. In the membrane-electrodes assembly XVI" after 
the maintenance, the electrodes were peeling a little but the membrane was firm. The assembly XVI" after the main- 
tenance had power-generating capability. 

[0543] On the other hand, as described in Comparative Example 3, (3), the membrane of the membrane-electrodes 
is assembly XV produced by using the relatively inexpensive sulfonated aromatic hydrocarbon solid polymer electrolyte 
membrane XV and the electrocatalyst-coating solution XV was broken to tatters and the electrodes of the assembly 
were peeled, under the same conditions of hydrolysis by heating as above. 

[0544] Thus, unlike the inexpensive membrane-electrodes assembly XV described in Comparative Example 3, (3), 
i.e., the assembly of the sulfonated aromatic hydrocarbon solid polymer electrolyte membrane and electrodes, the 
20 inexpensive assembly XVI of the sulfobutylated poly(1 ,6-naphthalene ether ether sulfone) solid polymer electrolyte 
membrane and electrodes was stable like the assembly of the perfluorocarbon sulfonic acid (Nafion 117) membrane 
and electrodes, and was excellent in both cost and resistance to hydrolysis (durability). 

(4) Durability test on single cells for fuel cell 

25 

[0545] The above-mentioned membrane-electrodes assemblies XVI, XVI' and XVI" were allowed to absorb water by 
immersion in boiling deionized water for 2 hours. Each of the thus treated membrane-electrodes assemblies was in- 
corporated into a cell for evaluation and the output capability of the resulting single cell for fuel cell was evaluated. 
[0546] In detail, the single cell for solid polymer electrolyte fuel cell shown in Fig. 1 was produced by adhering a 

30 packing material (a supporting current collector) 5 of thin carbon paper to each of the electrodes of each membrane- 
electrodes assembly 4 obtained in Example 1 8 and composed of a solid polymer electrolyte membrane 1 , an oxygen 
electrode 2 and a hydrogen electrode 3, and providing an electroconductive separator (a bipolar plate) 6 capable of 
serving as a separator between electrode chambers and passageways for gas supply to the electrodes, on the outer 
surface of each packing material. The single cells for fuel cells thus obtained were subjected to a long-term deterioration 

35 test at a current density of 300 mA/cm 2 . The results obtained are shown in Fig. 1 8. 

[0547] In Fig. 18, numerals 72, 73 and 74 indicate the results of the durability test on the single cells for fuel cell 
obtained by using the assemblies XVI, XVI' and XVI", respectively, of the solid polymer electrolyte membrane of the 
present invention and electrodes. In Fig. 18, numeral 75 indicates the result of the durability test on a single ceil for 
fuel cell obtained by using the assembly of the perfluorocarbon sulfonic acid (Nafion 117) solid polymer electrolyte 
membrane and electrodes. 

[0548] In Fig. 18, numeral 72 indicates the change with time of output voltage of the single cell for fuel cell of Example 
18 produced by using a solid polymer electrolyte membrane of a pofyether ether sulfone having sulfonic acid groups 
bonded thereto through alkylene groups and an electrocatalyst-coating solution containing the polyether ether sulfone 
solid polymer electrolyte having sulfonic acid groups bonded thereto through alkylene groups. Numeral 73 indicates 

45 the change with time of output voltage of the single cell for fuel cell produced in Example 1 8 by using a solid polymer 
electrolyte membrane of the polyether ether sulfone having sulfonic acid groups bonded thereto through alkylene 
groups and an electrocatalyst-coating solution containing a polyether ether sulfone solid polymer electrolyte having 
sulfonic acid groups directly bonded thereto. Numeral 74 indicates the change with time of output voltage of the single 
cell for fuel cell produced in Example 1 8 by using a solid polymer electrolyte membrane of the polyether ether sulfone 
+50 having sulfonic acid groups bonded thereto through alkylene groups and an electrocatalyst-coating solution containing 
the perfluorocarbon sulfonic acid solid polymer electrolyte (Nafion 117). Numeral 75 indicates the change with time of 
output voltage of the single cell for fuel cell obtained by using the perfluorocarbon sulfonic acid solid polymer electrolyte 
membrane (Nafion 117). Numeral 76 indicates the change with time of output voltage of a single cell for fuel cell of 
Comparative Example 18 produced by using a solid polymer electrolyte membrane of a polyether ether sulfone having 

55 sulfonic acid groups directly bonded thereto and an electrocatalyst-coating solution containing the polyether ether 
sulfone solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0549] As can be seen from the results indicated by numerals 72 and 74 in Fig. 18, the initial voltage of the single 
cells obtained by using the assemblies XVI and XVI", respectively, of the solid polymer electrolyte membrane and 
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electrodes was 0.79 V, and the single cells had the same voltage as the initial voltage even after 5,000 hours of oper- 
ation. These results were equal to those obtained by the use of the perfluorocarbon sulfonic acid solid polymer elec- 
trolyte membrane (Nafion 117) and indicated by numeral 75 in Fig. 18. 

[0550] On the other hand, the initial output voltage of the single cell for fuel cell indicated by numeral 76 in Fig. 18 

5 (the single cell for fuel cell of Comparative Example 3 obtained by using the sulfonated aromatic hydrocarbon solid 
polymer electrolyte XV) was 0.73 V, and the output of this single cell was zero after 600 hours of operation. 
[0551] From this fact, it is clear that the single cell for fuel cell produced by using the aromatic hydrocarbon solid 
polymer electrolyte obtained by bonding sulfonic acid groups to the aromatic rings of an aromatic hydrocarbon polymer 
through alkylene groups is superior in durability to the single cell for fuel cell produced by using the aromatic hydro- 

10 carbon solid polymer electrolyte having sulfonic acid groups directly bonded thereto. 

[0552] The single cell for fuel cell obtained by using the membrane-electrodes assembly XVI of the present invention 
is superior in durability to the single cell for fuel cell obtained by using the membrane-electrodes assembly XVI'. That 
is, the electrocatalyst-coating solution XVI is more suitable than the electrocatalyst-coating solution XV, for coating an 
electrocatalyst for a membrane-electrodes assembly. 

15 [0553] The reason why the output voltage of the single cell for fuel cell of Example 1 8 is higher than that of the single 
cell for fuel cell of Comparative Example 3 though the membrane-electrodes assemblies of Example 18 and Compar- 
ative Example 3 have the same amount of platinum supported of 0.25 mg/cm 2 , is that the ion electric conductivity of 
the solid polymer electrolyte membrane and electrocatalyst-coating solution used in the membrane-electrodes assem- 
bly of Example 18 is higher than that of the solid polymer electrolyte membrane and electrocatalyst-coating solution 

20 used in the membrane-electrodes assembly of Comparative Example 3. 

(5) Production of a fuel cell 

[0554] A solid polymer electrolyte fuel cell was produced by laminating 36 single cells produced in the same manner 

25 as in the above item (4) according to the present invention. The fuel cell had an output of 3 kW. 

[0555] As can be seen from Examples 3 and 4, the initial output voltage of a single cell forfuel cell obtained by using 
a sulfoalkylated polyether ether sulfone solid electrolyte having a sulfonic acid equivalent weight of 530 to 970 g/ 
equivalent is equal to or higher than the output voltage of a single cell forfuel cell obtained by using the perfluorocarbon 
sulfonic acid (Nafion 117) membrane. The former single cell for fuel cell is especially preferable because it is not 

30 deteriorated even when operated for 5,000 hours. 

[0556] As can be seen from the items (1 ) and (2) in Examples 1 1 , 9, 1 0 and 1 2, the values of the ion-exchange group 
equivalent weight (g/equivalent) of the sulfoalkylated poly(1 ,4-biphenylene ether ether sulfone) solid electrolytes of the 
formula [3] in which the values of n (the number of carbon atoms of the alkylene group) are 1 , 3, 4 and 6 are 660, 680, 
670 and 670, respectively, which are substantially the same. The values of ionic conductance (S/cm) of the solid 

35 polymer electrolyte membranes obtained by using these solid electrolytes are 7, 15, 25 and 35, respectively. 

[0557] As can be seen from Examples 15, 13, 14 and 16, the values of the ion-exchange group equivalent weight 
(g/equivalent) of the sulfoalkylated poly(1 ,4-phenylene ether ether sulfone) solid electrolytes in which the values of n 
(the number of carbon atoms of the alkylene group) are 1 , 3, 4 and 6 are 650, 670, 650 and 660, respectively, which 
are substantially the same. The values of ionic conductance (S/cm) of the solid polymer electrolyte membranes obtained 

40 by using these solid electrolytes are 5, 15, 25 and 40, respectively. 

[0558] That is, with an increase of the value of n in the sulfoalkylated aromatic carbon solid electrolytes, the ionic 
conductance and the proton transportability increase, so that an excellent solid polymer electrolyte fuel cell can be 
obtained. 

[0559] On the other hand, from the viewpoint of cost, the sulfopropylated aromatic hydrocarbon solid polymer elec- 
ts trolytes and the sulfobutylated aromatic hydrocarbon solid polymer electrolytes, which can be synthesized by a one- 
stage reaction with a sultone, are more advantageous than the sulfohexamethylated aromatic hydrocarbon solid pol- 
ymer electrolytes and the sulfomethylated aromatic hydrocarbon solid polymer electrolytes, which are synthesized by 
a two-stage reaction. That is, the value of n is preferably 3 or 4 for reconciling the ionic conductance and the cost. 
[0560] Since the present inventive polyether ether sulfone having sulfonic acid groups introduced thereinto through 
- 50 alkylene groups can be produced through one or two steps by using an inexpensive engineering plastic as a starting 
material, the cost of production thereof is as very low as less than one-thirtieth that of a fluorine-containing solid polymer 
electrolyte membrane represented by the perfluorocarbon sulfonic acid membranes produced through five steps by 
using an expensive starting material. 

[0561] Thus, unlike bonding of sulfonic acid groups directly to the aromatic rings, bonding of sulfonic acid groups to 
55 the aromatic rings through alkylene groups gives a high ion electric conductivity, prevents the release of the sulfonic 
acid groups even in the presence of a strong acid and at a high temperature, and permits attainment of a high durability 
sufficient for practical purposes and reduction of the cost. 

[0562] It should be further understood by those skilled in the art that although the foregoing description has been 
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made on embodiments of the invention, the invention is not limited thereto and various changes and modifications may 
be made without departing from the spirit of the invention and the scope of the appended claims. 



5 Claims 



1 . A solid polymer electrolyte comprising a polyether ether sulf one used as an electrolyte, said polyether ether sulf one 
having sulfoalkyl groups bonded thereto and represented by the formula [1 J: 



w 



-(CH 2 ) n -S0 3 H 



[1] 



wherein n is an integer of 1 to 6. 

15 2. A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulf one is represented by the formula 
[2J: 



20 



25 



30 




[2] 



35 



wherein n is an integer of 1 to 6, each of m, a and b is an integer of 0 to 4, provided that m, a and b are not 0 at 
the same time, x is an integer of 1 to 3, y is an integer of 1 to 5, and Ar is an aromatic residue. 

3. A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulfone is represented by the formula 
[3]: 



40 



((CH 2 ) n S03H) a (<CH 2 ) n S0 3 H) ((CH 2 ) n S0 3 H) (<CH 2 ) n S0 3 H) 



[3] 



50 wherein n is an integer of 1 to 6, and each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are 

not 0 at the same time. 



55 



4. A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulfone is represented by the formula 
[4]: 
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v f rv j~ a ^v j v j 

((CH 2 ) 3 S0 3 H) a ((CH 2 bS0 3 H) b ((CH^SO-jH) c ((CH 2 feS0 3 H) d 



. .- [4] 



wherein each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are not 0 at the same time. 

A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulfone is represented by the formula 
[5]: 






/r°-\J — \ 




r 



((CH 2 ) 4 S0 3 H) a ((CH 2 ) 4 S0 3 H) ((CH 2 ) 4 S0 3 h) ((CH 2 ) 4 S0 3 h) 



[5] 



wherein each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are not 0 at the same time. 

A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulfone is represented by the formula 
[6]: 




\ 




((0H 2 ) n SO 3 H) a ((CH 2 ) n S0 3 H) b ((CH 2 )„S0 3 h) 



[6] 



wherein n is an integer of 1 to 6, and each of a, b and c is an integer of 0 to 4, provided that a, b and c are not 0 
at the same time. 



A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulfone is represented by the formula 
[7]: 



1296398A2 I > 
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10 



15 






((CH 2 )3S03H) a ((CH 2 )3S03H) b ((CH 2 )3S0 3 h) c 



[7] 



wherein each of a, b and c is an integer of 0 to 4, provided that a, b and c are not 0 at the same time. 

8. A solid polymer electrolyte comprising a polyether ether sulf one having sulfonic acid groups bonded thereto through 
alkylene groups, said polyether ether sulfone being used as an electrolyte and represented by the formula [8]: 



20 



25 






(<CH2) 4 S03H) a ((CH2) 4 S03H) b ((CH^SOaH^ 



• • [8] 



wherein each of a, b and c is an integer of 0 to 4, provided that a, b and c are not 0 at the same time. 

30 9. A solid polymer electrolyte according to claim 1 , wherein the polyether ether sulfone is represented by the formula 
[9]: 



35 



40 



45 



((CH 2 1jS0 8 h) 




((CH2>3S0 3 H) g ( ( CH 2 )3S03H) ((CHaJtfQ*) 



-.[9] 



wherein each of a, b, c and d is an integer of 0 to 4, provided that a, b, c and d are not 0 at the same time. 

so 10. A solid polymer electrolyte according to claim 1 , which has an ion-exchange group equivalent weight of 530 to 970 
g/equivalent. 

1 1 . A solid polymer electrolyte membrane (1 ) obtained by using a solid polymer electrolyte according to claims 1 to 1 0 . 

55 12. An electrocatalyst-coating solution comprising a solid polymer electrolyte according to claims 1 to 10. 

13. A membrane-electrodes assembly (4) comprising a solid polymer electrolyte membrane and a pair of electrodes, 
i.e., an oxygen electrode and a hydrogen electrode which are located on both sides, respectively, of said solid 
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polymer electrolyte membrane, wherein said solid polymer electrolyte membrane is a solid polymer electrolyte 
membrane according to claim 11 . 

14. A membrane-electrodes assembly (4) comprising a solid polymer electrolyte membrane and a pair of electrodes, 
i.e., an oxygen electrode and a hydrogen electrode which are formed by coating with an electrocatalyst-coating 
solution and are located on both sides, respectively, of said solid polymer electrolyte membrane, wherein said solid 
polymer electrolyte membrane is that obtained by using a polyether ether sulfone having sulfoalkyl groups bonded 
thereto and represented by the formula [1]: 



-(CH 2 ) n -S0 3 H [1] 

wherein n is an integer of 1 to 6, and the electrocatalyst-coating solution is an electrocatalyst-coating solution 
according to claim 12. 

15. A membrane-electrodes assembly (4) according to claim 1 4, wherein the electrocatalyst-coating solution is a per- 
fluorocarbon sulfonic acid solid polymer electrolyte solution. 

16. A solid polymer electrolyte fuel cell comprising single cells for fuel cell which comprise a membrane -electrodes 
20 assembly comprising a solid polymer electrolyte membrane according to claim 1 1 and a pair of electrodes, i.e., an 

oxygen electrode and a hydrogen electrode which are located on both sides, respectively, of said solid polymer 
electrolyte membrane; a pair of supporting current collectors provided on both sides, respectively, of said mem- 
brane-electrodes assembly; and separators located at the peripheries of said supporting current collectors, re- 
spectively. 

25 
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FIG. 2 
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FIG. 3 
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FIG. 5 
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FIG. 9 
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FIG. 11 
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FIG. 13 
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FIG. 15 
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FIG. 17 
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